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ABSTRACT
I t  has been su ggested  th a t the p r o li f e r a t io n  o f  
haem atopoietic stem c e l l s  (CFU-S) in  mice i s  c o n tr o lle d  by the  
balance o f in h ib ito r y  and stim u la to ry  fa c to r s .  In normal mice |
about 10 p ercent o f th e  CFU-S p opulation  are in  DNA s y n th e s is .
I t  has been su ggested  th a t a h igh  con cen tration  o f  in h ib ito r  
blocks CFU-S from en ter in g  in to  ■ DNA s y n th e s is . Follow ing  
damage by c y to to x ic  agents such as drugs or ir r a d ia t io n  about 
30 - 50 p ercent o f CFU-S were in  DNA sy n th e s is  and a lso  'j
s tim u lator  was shown to  be p resen t. In t h is  study th e  en try  o f  
CFU-S in to  DNA sy n th e s is  fo llo w in g  low and su b -le th a l doses o f  
whole body X -ir r a d ia tio n  has been stu d ied . Furthermore th e  
stim u la tor  producing c e l l s  were a ls o  ch aracter ized .
The number o f CFU-S in  bone marrow was not a f fe c te d  
fo llo w in g  exposure to  a dose o f 0 .5  Gy. However th e number o f  
committed p rogen itors  fo r  th e granulocyte/m acrophage lin e a g e  
was s ig n if ic a n t ly  reduced. The percentage o f CFU-S in  DNA 
sy n th e s is  was found to  in cr ea se  to  3 7 .0 ± 7 .0  percent a t 30 
m inutes and 4 3 .9± 11 .2  p ercen t a t  2 hours from th a t observed in  
u n irrad ia ted  m ice. However a t  6 hours th e percentage was 14.8
8 ,1  p ercen t. At a s u b - le th a l dose o f 4 .5  Gy, the
i
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percentage o f CFU-8 in  DNA sy n th e s is  in creased  to  34ip+i4.*o 
percent a t 6 hours a f t e r  exposure, . however before th is  time 
the percentage remained a t  a s im ila r  le v e l  to  u n irrad ia ted  
co n tro l mice; When plugs o f  bone marrow were ; ir r a d ia te d  '
ihr-v itro  at  ^ 0 .5  Gÿ and 4 .5  Gy d o se s , the tim e o f  CFU-S
en ter in g  in to  DNA sy n th e s is  was the same as , fo llo w in g  ,
ih -v iv o  ir r a d ia t io n . . 'n- y • ■ r '
: - SV-
The dose resp o n se ; curve- o f  CFU-S en ter in g  iritb  DNA-
.
sy n th e s is  when measured a t 2 hours a f te r  exposure showed i
that, the percentage was in cr ea se d  as the dose was in creased  
and reached 30-50; percent.: a t a dose o f 0 .5  Gy. Above th is
dose the CFU-S p opulation  was not stim u lated  a t th is  tim e.
When the percentage o f  CFU-S in.DNA sy n th e s is  was .measured .
a t \  6 hours a f te r  exposure, , the ya iu es were the. same as
. 4co n tro l for doses l e s s  than 0 .5  Gÿ and above th is  dose the * ,
'  ^ : ' " 'va lu es were 30-50 p ercent. The presence of ^ stim ulator in  ^
bone, marrow a f te r  ir r a d ia t io n  was found to  p a r a lle l  the
\1y ;ip r o l i f e r a t iv e  a c t iv i t y  o f  CFU-S. The CFU-S population  obtained  1 hour a f te r  1 .5  Gy was shown not: to  respond;\ t o
stim u la to r  as CFU-S from normal bohfe: mar row d id . ; ‘> .j'' . ' ' ;n ^  I
*îj
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The con d ition ed  media prepared from bone marrow o f  mice 
ir r a d ia te d  a t 9 .0  Gy (1 to  5 days post ir r a d ia t io n )  
in creased  the proportion  of CFU-S from normal bone marrow in  
DNA sy n th e s is  to  30^50 p ercen t. The d ep le tio n  o f  Thyl.2+  
c e l l s  from regen era tin g  bone marrow did not a f f e c t  the 
a b i l i t y  to produce s tim u la to r . However when Fc+ and Ia-2k+  
c e l l s  were removed the s tim u la to r  production was a f fe c te d .  
This su g g ests  th a t the s tim u la to r  producing c e l l s  were 
r a d io r e s is ta n t , T hyl.2 “ , Fc+ and Ia-2k+.
I
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CHAPTER 1
INTRODUCTION
The mature blopd c e l l s  are u su a lly  d iv id ed  in to  three  
broad c la s s e s :  red c e l l s ,  w hite c e l I s  and p ià t e le t s . /^piqÿir
are the end c e l l s  • o f the haem atopoietic system . Most o f
th ese c e l l s  have/ a lim ite d   ^ l i f e ,  span, are/Ayiy Tl. ,
d if fe r e n t ia te d  and; in cap ab le  Çf/^ p r o life r a t io n  /(w ith /th e  
excep tio n  o f  the lymphocy te s )  *. The continuous production  o f  
blood c e l l s  th ere fo re  req u ires  a h ieraohy o f  c e l l s  which oah; 
gen erate  thetm ature blood c e l l s  in  each - c la s s  o f blood  
c e l l s .  The e x is te n c e  o f-stem  c e l l s  which can d if f e r e n t ia t e  
along the m i  n c é i l  l in e s  and / be y capable o f  ïnai n ta in in g  
th e ir  own number i s  v i t a l  in  supporting a haem atopoietic  
system  (L ajth a , - 1979) .
- yI/•'a'
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1.1  H aem atopoietic stem c e l l s
J
From th e study o f  th e  c lo n a l expansion o f marked c e l l s  
by u sing chromosome and g e n e t ic  markers, most o f th e mature I
elem ents o f lymphoid and m yeloid system s were shown to  be 
derived  from a common pool o f  stem c e l l s ,  both in  th e  mouse 
(Micklem and L o u tit ,  1966) and in  man (Fialkow e t  a l .  1978;
Prachal e t  a l .  19784.
In th e  mouse i t  was known th a t fo llo w in g  th e damage 
induced in  th e  m yeloid and lymphoid t is s u e s  by ra d ia tio n  ’i
recovery would occur when in je c te d  w ith  su spensions o f bone 
marrow c e l l s  (Lorenz and Congdon, 1954) .  Micklem and L ou tit /i
(1966)  used th e T6 chromosome marker system  to  study the  
repopu lation  o f donor c e l l s  in  the lymphoid and m yeloid  
elem ents. The T6 chromosome i s  one o f th e  products of 
unequal tr a n s lo c a t io n  o f  two medium s iz e  autosomes in  the  
ir ra d ia ted  male mouse. I t  can be d is t in g u ish e d  from the  
other chromosomes because o f i t s  sm all s i z e .  Micklem and 
L ou tit (1966)  found th a t  both lymphoid and m yeloid t is s u e s  
were repopulated  by th e  bone marrow c e l l s  w ith  t h is  d is c r e te  
marker.
■i
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1 , 1 . 1  P lu r ip o ten t and r e s t r ic t e d  s te m -c e lls
Evidence fo r  a p lu r ip o te n t  stem c e l l  g iv in g  r i s e  to  
lymphoid and m yeloid c e l l s  as w e ll  as r e s t r ic t e d  stem c e l l s  
g iv in g  r i s e  to  lymphoid and m yeloid c e l l s  was demonstrated in  
a s e r ie s  o f  experim ents u sin g  r a d ia tio n  induced chromosome 
a b n orm alities  as markers (Abramson e t  a l .  1977; P h il l ip  e t  
a l .  1978) .  Chromsome ab n orm alities  in  in d iv id u a l c e l l s  were 
induced by exposing  th e  m ice to  whole body ir r a d ia t io n  a t a 
high  dose which d estroyed  most o f th e  haem atopoietic c e l l s  |
but among th e  su r v iv a l c e l l s  in  bone marrow a h igh proportion  
had abnormal chromosomes. These c e l l s  were in je c te d  in  
l im it in g  d i lu t io n  in to  s u b - le th a l ly  ir r a d ia te d  W/W^  mice and 
allow ed to  grow and d i f f e r e n t ia t e  fo r  se v e r a l months.
In th e se  experim ents th ree  fu n c tio n a l assays were used 
to  determ ine th e d is tr ib u t io n  o f chromosomally marked c e l l s  
in  th e lymphoid and m yeloid system s. The sp leen  colony assay  
was used fo r  th e m yeloid  c e l l  system  and th e  cu ltu re  of 
s p le n ic  lym phocytes e i th e r  w ith  lip o p o ly sa cch a r id e  (LPS) or 
phytohaem agglutinin (PHA) to  s t im u la te  the p r o li f e r a t iv e  
responses o f  B and T lym phocytes. The s e l f  renwal cap acity
' ' ’Xi'i- Î i  --Lf[;v 'Va
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o f marked stem c e l l s  was te s te d  by tran sp lan tin g  bone marrow 
from r e c o n s t itu te d  W/W^  r e c ip ie n ts  and two months la te r  
sp leen  c o lo n ie s ,  PHA b la s t s  and LPS were examined fo r  the  
presence o f chromosome markers.
Three d is t in c t  p a ttern s o f c lon es were observed , one 
included  th e  ob servation  o f a unique chromosome marker in  
CFU-S, PHA and LPS b la s t s ,  su ggestin g  a p lu r ip o ten t stem c e l l  
fo r  th e  m yeloid and lymphocyte s e r ie s .  Another included  the  
ob serva tion  o f a unique chromosome marker in  CFU-S on ly  and 
PHA lym phocytes on ly  which suggested  they  were derived  from 
r e s t r ic t e d  stem c e l l s  fo r  myeloid and fo r  T lym phocytes. 
However stem c e l l s  r e s t r ic t e d  to  the B lymphocyte s e r ie s  were 
not d e te c te d . The presence o f stem c e l l s  r e s t r ic t e d  to  B and 
T lym phocytes was suggested  by P h il l ip  e t  a l .  (1978) .  In 
m ice repopulated  w ith  c e l l s  from long term bone marrow 
cu ltu res  m aintained fo r  f i v e  weeks (D exter e t  a l .  1978) ,  i t  
was shown th a t lymphocyte cu ltu res  stim u la ted  w ith  
concanacalin  A or LPS have the same chromsome markers 
( P h i l l i p  e t  a l .  1978)
4
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1 . 1 . 2  Cplbw - f e r nËng. i m i t o r ap iftêA  >( PFU-j^).,
An in -v iv o  assay for the d e te c t io n  o fy  :af c la s s  o f 
haem atopoietic stem c e l l s  w a sy fir s t/d ev e lo p ed  by T i l l  y and 
McCullpch (1961)•  Bone marrOw c e i l s  were in je c te d  in to  
l e t h a l ly  ir r a d ia te d  mice and d is c r e te  m acroscop ica lly  
v i s ib l e  c o lo n ie s  were observed a f te r  7 to  14 days. 
H is to lo g ic a l exam ination o f th ese  c o lo n ie s  dem onstrated'ithat 
they contained  y ery th ro id ,' g ra n u lo cy tic  and m egakafydcytic  
elem ents. Nohe#of the lymphocyte s e r ie s  'was' Observed. 
Erythroid q o lo n ie s  âre d e te c ta b le  h is t o lo g ic a l ly  byv4 to  5 
days w ith in  the sp le n ic  red pulp and. appear asAusurface 
c o lo n ie s  as e a r l y / a s  day 6 (Moore and M etca lf, 1970) .  
G ranulocytic c o lo n ie s  a r ê f o u n d  along trab ecu lae  o f  the 
sp leen  or in  the su b-cap su lar reg ion s and l e s s  freq u en tly, t I'/ 4- • , , • J Y
w ith in  the a trop h ic  lymphoid f o l l i c l e s . Y^hei/vabi Y^^^lPhity 
o f  g ra n u lo cy tic  co lo n ies}  a r e , h eu trp p h llid  which can be 
d etec ted  a t  4 days and m aorbscëp ioâlly  by 7 to  8 days (Moore 
and M etca lf, 1970) .  Megàkaryocyt ic / c p lo h ie s  jgrow under the  
sp le n ic  capsu le and g en era lly  appear as c lu s te r s  bf;;; mature 
c e l l s  (Curry and. T rentin , 1967); Mixed co lb h ie b  une ;the 
la r g e s t  groups}observed when mice wene assàyed for  the: 
longer period o f  tim e (S im in ov itch  e t  a l .  19631 Magli e t
: • AÆ®
'"y
/I
,  i
A }  A  ■' '
;
_____
VA'
”• 6 “
y-
' ' 4 :
-A  ^ .' ' ' . -' - .  ^ f'a l ,  1982) and most freq u en tly  cbhtained ery th ro id  w ith ,
vy^y '  ^ / '  ' *'
other types (Moore arid M etc a lf , 1970) .  Magli e t  a l .  (1982) ;
however have shown th a t  hot a l l  the c o lo n ie s  v i s i b l e  a t day 
7 or 8 w i l l  be v i s ib l e  a t days 10 or 11 la t e r .  y
;■ - V , 'Each o f  th ese  /c o lo n ie s  Awas shown to  be derived  from
' ' .1 ■ ■' - s in g le  c e l l s  in  the inoculum . Chen arid Schooley ( 1968) used
a m ixture; o f  bone marrow c e l l s  w ith  two T6 and qne "16
chromosome markers as th e dbnor c e l l s  and ; analysed  the *
karyotype o f sp leen  c o lo n ie s  10-d a y s . a f te r  tra n sp la n ta tio n , a : : . /  ?
The a n a ly s is  showed th a t 41 o f  the c o lo n ie s  were composed ;
w holly o f  one karyotype e ith e r  w ith two ; T6 or one T6 ?
chromosome arid 7 o f  the c o lo n ie s  showed 92 to  98 percent Of
' ' ■ ■ ^
one karyotype. In mixed c o lo n ie s , the,: e r y th r o b la s ts  and
/ /  - A J. 'gran u locy tes were a lso  shown to  be derived  from a’ s in g le  ;
c e l l  (Wu e t  a l .  1976) .  Bone marrow c e l l s  bearing a uhique 
r a d ia tio n  induced chromosome marker^ were in je c te d  in to  
u h irrad ia ted  anaemic mice as r e c ip ie n ts  and karyotyp ic ^
' A . , ;s tu d ie s  o f  c e l l s  from 14 day c o lo n ie s  were ma'de / i n  !  ^ «
conjunction., w ith ; ??Fe autoradiography and peroxidase *',.1
s ta in in g . In one Oolony, 91 to  100 .percent o f the m itoses j
were found to  be o f a  unique type and 10 out o f  12 c o lo n ie s
showed the same unique marker in  both ^^Fe lab elled - ,
;eryth ro id  and peroxidase p o s it iv e  g ra n u lo cy tic  m etaphases. ' {
' ' -  "  ,1
a
A
: ' . - ' ;: /  f / f  "'^  - ''
The sp leen  c o lo n ie s  a ls o  contain  c e l l s  which can 
produce fu rth er  sp leen  c o lo n ie s  fo llo w in g  tra n sp la n ta tio n  o f  
a suspension  o f c e l l s  derived  from one colony in t^ E e th a lly  
ir r a d ia te d  mice ( S im inoyitch  e t  a l .  1963) .  -
1 . 1 . 3  Seeding e f f ic ie n c y  o f  _coli)nv_formihE c e l l s - s o l e e n
The number o f co lony forming u n it s - s p le e n  (CFÜ-S) 
in d ic a te s  ; the number o f haem atopoietic stem d e l l s  in  ah, 
inpcuium which s e t t l e  in  the .sp le e n  and form su rface  
c o lo n ie s . H aem atoppietic stem c e l l s  would a lso  have s e t t le d  
in  other haem atopoietic t i s s u e s  such«as?the bone marrpWiand 
some might be l o s t  due to  seeding in  a n \,u n su ita b le  
environment or due to  term inal d if f e r è h t ia t ib n î  Therefore; 
the t o t a l  number o f ^stem celTS': %  thë"“ inocu] um can, be 
r e la te d  to  thev>number o f sp leen  colony forming u n its  by 
tak ing in t o '  account t h is  fr a c t io n a l seed in g  u sing  ÿ th é  
seed in g  e f f ic ie n c y  or f  fa c to r .
'  . . ' I
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The seed ing  e f f ic ie n c y  can be determined by in je c t ir ^  a 
known number o f CFU-S in to  a primary le t h a l ly  ir r a d ia te d  
r e c ip ie n t .  A fter  a few hours, the fr a c t io n  o f .CFUr3 (seeding , 
the sp leen  can .be assayed by a secondary tra n sfer  
(S im in ovitch  e t  a l .  1963);. The value o f the f  fa c to r  was 
dependent on the tim e..the ÇFÜ-S are assayed in  the sècondary 
tr a n s fe r . After; two heurs S im inovitch  e t  a l .  (1963)  
reported  the f  fa c to r  was 0.17 and a f te r  24 hours th e ivalue  
Was 0 , 08  (P la y fa ir  -and 'C ole, 1965) .  I f  the ^primary 
r e c ip ie n t  was ir r a d ia te d  th ree days p rev iou sly  the value o f  
the f  fa c to r  would be the same a t two and 24 hours (L ah ir i 
e t  a l .  1970) .  The seed in g  o f CFU-S in  the (spleen was a 
fu n ctio n  o f  the space a v a ila b le .  Lord (1971) showed the f l f i
changes o f  CFU-S number in  the primary sp leen  ^oVer the '-%%%%- - - '
period of 24 hours after irradiation paralleled ^  the post 
irradiation changes in the size Of the spleen.
The f  fa c to r  a lso  changes when the donor, mice are ,
p rev io u sly  trea ted  w ith  v a r io u ssc y to to x ic  a gen ts . Fred and 
Smith (1968) reported  treatm ent w ith  endotoxin , v in b la s t in e  
or s u b - le th a l ir r a d ia t io n  (2 to  3 Gy) 1 to  2 days p rior to  . 
tr a n s fe r  o f the marrow cO lls  ireduced the 3 hour f  v a lu e s :to  
0 i l 2  >^  0^08; In a com parative study / o f  the seed ing
-  9 -
e f f ic ie n c y  o f  the colony forming c e l l s  from normal, 
regen eratin g  and v e lo c it y  sedim ented cy c lin g  and n on -cyclin g  
marrow, Monette  and De H ello  (1979) showed th a t colony  
forming c e l l s  in  c y c le  were found to  have a low er seed ing  
e f f ic ie n c y  compared to  normal bone marrow or sedim ented  
n on -cy c lin g  c e l l s .
A c lo se  r e la t io n s h ip  between CFU-S and the lymphoid 
system  has been demonstrated in  many s tu d ie s .  Wu e t  a l .  
(1968) used ra d ia tio n  induced chromosome markers to  study  
t h is  r e la t io n s h ip . The unique chromosome markers were shown 
to  be present both in  the thymus,bone marrow and sp leen  
c o lo n ie s  o f  W/W^  u n irrad ia ted  mice which rece iv ed  bone 
marrow o f ir r a d ia te d  donors (Wu e t  a l .  1968) .  The same 
unique chromosome markers were found both in  the thymus and 
sp leen  c o lo n ie s . More over i t  was rioted th a t the c e l l s  
d erived  from blood lymphocyte mixed cu ltu res  have the same 
chromosome markers as observed in  the sp leen  c o lo n ie s  o f  the 
bone marrow o f the ir r a d ia te d  r a ts  (Nowell e t  a l .  1970) .  
The r o s e t te  forming c e l l s  from the sp leen  o f W/W^  anaemic
-  10 -
mice which were repopulated  w ith  bone marrow from ir r a d ia te d  
donors a lso  had the same karyotyp ic markers as c e i l s . ( i n  
sp leen  c o lo n ie s  (Edward e t  a l .  1971) .
Furthermore in  à study reported  by M etcalf and Jqhrisoii 
(1976) ,  they showed th a t a c e r ta in  population  o f  sp leen  
c o lo n ie s  a t .day, seven  or la t e r  con ta in  a v a r ia b le  number o f 
B-lymphocyte colony forming c e l l s  (B-CFC) which could , be 
d etec ted  when grown in  agar in  the presence o f S^mercapto 
eth an o l and sheep er y th r o c y te s . Furthermore Lala and 
Johnson (1979) showed th a t the sp leen  c o lo n ie s  and the 
B-lymphocyte colony forming c e l l s  were o f the : same
karyotypes.
1 . 1 . 5  S p a tia l o rg a n iza tio n  jof_ CFU-S
The d is tr ib u t io n  o f CFU-S in  the fem oral marrow o f the  
mouse i s  not e n t ir e ly  homogenous. ■ Lord and Hendry (1975)  
u sin g  d if f e r e n t  need le s iz e s  were ab le  to sample marrow from 
d if fe r e n t  reg io n s o f  the m edullary c a v ity . The 
con cen tration  o f  : CFU-S near to  the bone su rface was 2-3  
tim es h igher than o f the lo n g itu d in a l a x is  o f femur (Lord
— 11 —
and Hendry, 1972; Lord e t  a l .  1975). This con cen tra tion  
gra d ien t appears to  obey a square law r e la t io n s h ip .
1 .1 .6  Human h aem atopoietic Stem c e l l s
The evidence for  the c lo n a l ity  o f human haem atopoietic  
stem c e l l s  came from s tu d ie s  o f  p a th o lo g ica l co n d it io n s . In  
th ese  s tu d ie s  the c lo n a l ity  o f haem atopoietic c e l l s  was 
deduced from the P h ila d e lp h ia  (Ph*) chromosome or the enzyme 
g lU co se-6 -phosphate dehydrogenase (G-6-PD ). In the p a tie n ts  
w ith chronic n y e lo id  leukem ia (CML), the Ph* chromosome was 
found in  c e l l s  o f the e r y th r o c y tic , m egakaryocytic, 
g ra n u lo cy tic  and m ohocytic l in e  (Whang e t  a l .  1963). The 
Ph’ chromosome i s  an abnormal chromosome developed in  
p a tie n ts  w ith CML due to  the tr a n s lo c a tio n  o f the long arms 
o f  chromosome 22 to  the short arms o f chromosome 9 or 2 and 
other chromosomes (Rowley, 1973; 1978)
The enzyme G-6 -PD occurs in  two forms o f  iso-enzym Ss (A 
and B) which can be d is t in g u ish e d  by th e ir  e le c tr o p h o r e t ic  
m o b ility . I t s  sy n th e s is  in  a c e l l  i s  coded fo r  by a 
p a r tic u la r  gene on the X chromosome. In fem ales only one o f
1 2
the X chromosomes i s  a c t iv e  in  each c e l l .  The other one 
condenses during in terp h a se  as a Barr body. The p rocess o f  
in a c t iv a t io n  occurs randomly in  ea r ly  developm ent. Thus a 
heterogenous fem ale w ith both A and B types o f iso-enzym e  
w i l l  have 50 percent o f c e l l s  coding fo r  each enzyme. 
U nfortunately th ese  In d iv id u a ls  are rare but do provide a 
model for the study o f c lo n a l ev en ts , F ia lk ow -et a l .  
(1978) has observed th a t when fem ale heterozygous for  G-6-PD 
enzyme develop CML only one iso-enzym e i s  expressed  in  the 
e ry th ro c y te s , g r a n u lo c y te s ,p la t e le t s ,  monocytes/macrophage 
and B lym phocytes in  an in d iv id u a l p a t ie n t . This su g g ests  
th at a l l  myeloid c e l l s  and B lymphocytes are members o f  a 
clone th at developed from a s in g le  precursor. T lymphocytes 
were not derived  from the same clone when te s te d  during  
rem ission , but during the phase when the d ise a se  was poorly 
c o n tr o lle d  T lym phocytes were derived  from the m alignant 
c lo n e . Furthermore evidence fo r  a common o r ig in  o f  stem  
c e l l  for  the n yelo id  and lymphoid l in e s  was su ggested  by» the 
work o f Prachal e t  a l .  (1 9 7 8 ). The same type o f iso-enzym e 
o f G-6-PD was shown to be presen t in  a l l  blood c e l l s  
in c lu d in g  T lym phocytes in  a p a tie n t w ith acquired  
s id e r o b la s t s ic  anaemia w h ile  the , sk in  f ib r o b la s t s  and 
s a liv a r y  gland c e l l s  con tained  the A and B mixed 
iso-enzym es.
' V: '
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1 .1 .7  S e lf-ren ew a l oapaolty  o f  CFU-S
The se lf -r e n e w a l oap acitÿ  o f  CFU-8  can be measured by 
the a b i l i t y  o f  c e l l s  from a sp leen  c p lp ^  66 (produce 
secondary c o lo n ie s  when in je c te d  in to  secpndary^^" ^  
(S im inovitch; e t  a l .  1963; S ch o fie ld  e t  a l .  1978). The 
number o f colony: forming c e l l s  in  the c o lo n ie s  waa'(markediy 
v a r ia b le  from one colony to  another, w ith few c o lo n ie s  
con ta in in g  la r g e  numbers of• CFU-S and most o f th e  d o lo h ies  
con ta in in g  very few CFU-S (S im in ovitch  e t  a l .  1964 and 
S ch o fie ld  e t  a l .  1980). The mean CFU-S per c o lo n y :o f bone 
marrow derived  from mice trea ted  w ith c y to to x ic  agents was 
a lso  changed. S ch o fie ld  e t  a l .  (1980) showed that, .th e  
sp leen  c o lo n ie s  derived  from mice trea ted  w ith  continuous: 
ir r a d ia t io n  or the c y to to x ic  drug myeleran producedy l e s s  
secondary ,CFU-S compared to  the cp io n ie s  derived  fCom normal 
bone marrow. F ollow ing s e r ia l  tra n sfer  th6 mean CFU-S per 
colony -was a lso  decreased w ith  - in cr ea sin g  number o f
tr a n s fe r s .
5.'1
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The p ro b a b ility  o f  se lf-r e n e w a l o f  CFU-S (p) a ls o  could  
be c a lc u la te d  from the data o f  -mean CFU-S content o f
in d iv id u a l c o lo n ie s  and the standard d e v ia tio n  ( Vogel e t• ? ' , -,
a l .  1968). The value o f  (p) i s  here Xdef’i n e à -as the. . .  ^ '
fr a c t io n  o f  CFÜ-S which w i l l  produce another CFU-S during  
the grow th'o f  th e  CFU-S p op u lation  in  a co lony , w h ile -(I3 p )' 
w i l l  be l o s t  by d if f e r e n t ia t io n  or death < during , éach\ 
gen era tion  c y c le .  Hpwayer t h is  va lue i s  not n e c e s sa r ily  a
measure Cf the p h y s io lo g ic a l behaviour (o f CFU-S in - 's itu  or
in  the experim ental s itu a tio n s^  I t  i s  only a measure o f the  
p o te n t ia l capacity.^bf CFU-8  under stahdahd co n d itio n s  o f  
e lev a ted  p r o l i f e r a t io n  a n d )M iffera n tia tio n (p re ssu res . The 
(p) va lue o f CFU-S for  normal bone marrow was found to  ; be 
0 .68  which was h igher than CFÜ-S from the bone marrbw of  
ir r a d ia te d  mice ( S c h o fie ld  e t  a l .  1980) .  bn the other hand 
the average va lue o f  p for  CFU-S from normal bone marrbw 
determined th e o r e t ic a l ly  by V ogel e t  a l .  ( 1968) arid Lajtha  
e t  a l .  (1971) was lower than th a t reported by S ch o fie ld  e t  
a l .  ( 1980) . . . "
-  1 5
In the bone marrow the se lf-r e n e w a l p r o b a b ility  of  
CFU-S however does depend on th e ir  lo c a tio n . Those in  the  
cen tre  o f the marrow space were found to  have higher  
s e lf-r e n e w a l cap acity  than th ose lo ca ted  c lo se  to the bone 
su rfa ce  (Lord and S c h o f ie ld , 1980).
The CFU-S population  was shown to have a heterogenous 
s e lf-r e n e w a l ca p a c ity . Worton e t a l .  (1969) fr a c tio n a te d  
bone marrow c e l l s  in to  various su b-p op u lation s by u sing  the  
v e lo c ity  sed im en tation  technique where the c e l l s  are 
separated  on the b a s is  o f  th e ir  s i z e .  In the s low ly  
sed im enting c e l l  fr a c t io n , the CFU-S p opulation  had a higher -vj
cap acity  to undergo se lf -r e n e w a l than the rap id ly  '  ^|
sedim enting CFU-S or the u n fraction ated  p opulation .
'^ 1A dual p op u lation  o f CFU-S w ith regard to se lf-r e n e w a l |^
was suggested  by S ch o fie ld  and L ajtha, (1 9 7 3 ). The sp leen  
c o lo n ie s  produced from bone marrow o f donors two hours a f t e r  ' :i
iso p ro p y l methane su lphonate (IMS) treatm ent were shown to be i
. ' . 3 .
y-'— - y  ' - y y y y  y -  ■ ' ' ’ - - - ' y  y , - - '  ; . ' ' V  , . '  . -■.■• y y . y y y  ÿ ^ ^  A■ ; . ' ':f  - :'/' ' ■ ; 'A . ' ■ ' A ' % ■ -fel
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v ir tu a l ly  devoid o f  “ ÇFÜ-S whereas JO p ercent o f^ co lo n ies
from co n tro l donors con ta in  a t  l e a s t  5 CFU-S. The IMS was *:  ^ . .
suggested  to  s e le c t iv e ly  k i l l  the se lf-m a in ta in in g  CFU-S. '
The CFU-S which survived  were a population  w ith  a lim ite d
p r o l i f e r a t iv e  p o te n t ia l and were lo s t  from the CFU-S pool as : ?
a r e s u lt  of d i f f e r e n t ia t io n .  An extreme h igh ly  se lf-r e n e w a l
cap acity  o f  CFU-S could a ls o  be obtained from bone marrbw
mice trea ted  w ith  5 -flu o r o u r a C ii (.5-Fu) ( Rosendaal e t  a l .
1979). Rosendaal e t  a l .  (1976) a lso  reported  th at the
fem oral CFU-S , o f  ; mice in je c te d  w ith i f iv e  doses . o f  t
"
a s
hydroxyurea was th ree tim es h igher in  secondary d o lo M  
than untreated  m ice. * 3 3 , ^
S ch o fie ld  ( 1978) ,  .S ch o fie ld  e t  a l .  ( j9 8 o f  and ÿ& enda& l 
e t  a l .  (1979) u sin g  CFU-S from d ifferen t-trea tm eiits" an d  
sources were ab le  to  show th a tX d iffereh t b a tsg b r ie s jo f  ÇFU-S 
e x is te d  from th ose w ith  a very l^ g h  se lf-r e n e w a l through  
sequence o f CFU-S w ith  reducing ca.pacity for  selfA-renewal :
S ch o fie ld  ( 19J8) and Rosendaal iet a l .  (1979) p o stu la ted  r 
th a t CFU-S were organized w ith  an-age s tr u c tu r e . . The CFU-S 
p opulation  was su ggested  as a contindum o f ' c e l l s  w ith  
changing capac i t ÿ . f br< s e 1f - renewal and ld i f f e r e n t ia t ib n , ^ : The  ^
younger CFÜ-S had a very high s e l f —renewal cap acity iah d  4 ; 
were l e s s  su sc e p t ib le  to  d iffe r e n t ia t ib n ^ st im U li whereas^the
J
r  *' ' ■ ’ ■••"•"'■■ .,■■* ' À ‘ , A  ' ;•'■ ,, , ; - ‘ ■ ; v : 3  ■' ' - f t ,  ■'■' ■■'■ ,l> :i.;
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the o ld er  5 CFU-S had a low se lf-re n e w a l cap aoity  and 
su sc e p t ib le  to  d if f e r e n t ia t io n  s t im u li (S c h o fip ld , 1979)*
Furthermore Monette and S to ck e l ( 1981)'-showed th a t the;(ybung 
CFU-S were not a#8od ia ted  w ith  a brain  an tigen  whereas 85 to  ^
90 percent o f  CFU-S p op u lation  would be in a c t iv a te d  when ' ",y ' . > '-  ^ V
incubated  w ith  anti-m ouse brain  serum.
1 .1 .9  The sp leen  colonv::MuningL c e l l s  and thei haernatoDOlstloiisjbsm n e lT  -
The number o f CFU-S in  the femoral marrow o f o ld  mouse «
: , : ,  A'i;'-:-
was reported  to  be unchanged when compared tpAthe^ y^  ^ >3 ]
mouse and a lso  to  have the same repopu iating  = a b i l i t y  when 
tran sp lan ted  in to  ir r a d ia te d  r e c ip ie n ts  (L ajtha and 
S c h o fie ld , 1971). Harrison (1973) tran sp lan ted  the bone 
marrow c e l l s  o f o ld  and young co n tro l ; mice in to  W/W^  ,
r e c ip ie n ts  and the anaemic r e c ip ie n ts  were cured due to  m?!
rep op u lation  o f  donor c e l l s .  The , e f f e c t iv e h e s s  i
marrow o f  o ld  mice was shown to  be the same as the young <a
m ice. Further tr a n s fe r s  o f  marrowLfrom b id  cured mice, were 
ca rr ied  out upLto the fou rth  tran sfer)an d  the reSU lt showed
no s ig n  o f lo s s  of, rep op u latin g  a b i l i t y .  A-'
- .  '  \  /  - '  '  ' ' \  : :
: :  " V - ,  '
4 '. .V ' -v.:-,; Â: ' ''' . .3, ■<ï,â;3 -;i‘r - 3 ' ■  ;:3;3 “ 3 /5 'I"*.,;-- • ' ' \ ■ . - ■ '■ -r-Al'A' . gl.DA;;;#«5M6AS
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Stem  
cell unit V
CFU-S-
Figure 1 .1 .9 :  A r e p r e se n ta tio n  of th e  h aem atop oietic  stem
c e l l  u n it  (stem  c e l l  and n ich e) and i t s  progeny, th e sp le e n  
colony form ing c e l l s  (S c h o f ie ld , 1978).
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S ch o fie ld  (1 9 7 4 ), c a lc u la te d  normal ra té  o f turnover o f  
CFU-S in  normal mice which in d ica te d  th a t about 20 percent  
o f  the p opulation  were renewed each day Durtng thé % l i f e  .
span o f  1000 days;each  o f  the CFU-S would odmpletéa
dou blin gs. In s e r ia l  tr a n sfe r  o f bone marrow from iold  ^ ,
donors to  W/W^  m ice, the stem c e l l s  had to  expand in  ordér '
to  depopulate the r e c ip ie n t  and tb' m aintain  th e ir  own' 
p opulation  in  each tr a n s fe r . / Therefore the CFU-S p opulation  >
had probably Undergone more than r e p lic a t io n s  and s t i l l  d id  
not show s ig n s  o f exhaution  o f  d ts r e p lic a t in g  a b i l i t y  
(S c h o f ie ld , 1978). ^  •
, A h yp oth esis  was in troduced  by S ch o fie ld  (1978) to  
provide an ex p la n a tio n  o f  therage s tru ctu re  o f  th e l CFU-S 
population  and the^s, evidence; ;i:hat no d if fe r e n c e s  in
rep op u latin g  a b i l i t y  e x is te d  ^.between CFU-S- derived  from 
young and o ld  m ice. He proposed :-t%t the -CFU-S : were not the. 
U ltim ata haem atopoietic stem o e l l s l ' The tr  stem c e l l s  and 
the CFU-S were considered  as two separate e n t i t i e s .  Both 
are p lu r ip o ten t and capable O f. sé lf-r e n e w a l but: the stem  
c e l l  would have in d e f in i t e  and the CFU-S lim ite d  c a p a c ity ,
't:'
fo r  self-Trenew al. The true; stem c e l l  e x i s t s  in  the marrow 
a sso c ia te d  w ith  other c e l l s  which provide a microenvironment
in  the co n tro l m ice.
— 20 —
in flu e n c e  (a  n iche) and in  i s o la t io n  i t  would form a -sp leen  
oolony. ■
Furthermore S c h o fie ld  Ci 978) suggested- ^hat: when the 
stem c e l l  d iv id ed  in  the n ich e , one o f the daughter c e l l s  
would be re ta in ed  in  the n iche w hile the other becàme a
f i r s t  g en era tion  o f colony fbrmihg c e l l s l . ' The colony,, . ■ ^ ,
forming c e l l s . w i l l  then undergo a f i n i t e  number o f  d iy ih ionsc  
and thus develop an age s tr u c tu r e . I r r a d ia tio n  -treatm en t , 
damages some o f  the CFU-S and the n ich es , « The n iche ip  more: 
r a d io r e s is ta n t  than CFU-S th ere fo re  v a can cies  are l e f t -  
a v a ila b le .  The vacant n ich es can then be rebcCupied by the  
CFU-S population  w ith  various se lf-r e n e w a l p o te n t ia l from 
endogenous or from in je c te d  bone marrow . in  the casC; o f  
tra n sp la n ta tio n . As a r e s u l t  some o f th e .n ic h e s  Could be 
r e f i l l e d  w ith CFU-S w ith  lower p r o li f e r a t iv e  cap acity  than 
the o r ig in a l stem c e l ls *
; - - :In the s e r ia l  tr a n sfe r  experim ents, even though fché; 
bone marrow èi^aft contained  ah equal number o f CFU-^ S t^ ^^ 
th ose o f  the primary g r a f t ,  the proportion  o f  the CFU-S w ith  
high  repopu lating  a b i l i t y  which can occupy th é -n ich es and 
become stem c e l l s  i s  sm aller  w ith each s u c c e s s iv e  tr a n sfer  i ]
» 4.
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Figure 1 .2 .1 :  A p o s tu la te  o f  the rep op u la tion  o f  d ep leted
stem c e l l  n ich es by sp le e n  co lony  forming c e l l s  o f  d if f e r e n t  
ages (S c h o fie ld , 1978).
';.;'.c ' ' :.%' T^/ - V ' 'r' '
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1 .2  P i f  f  er_e_n.ti.B_tlx>rL _of haematDDoleLtiG^ieiÎL .o ë lls
D if fe r e n t ia t io n  o f  .the stem o e l l s  i s  the,, process by 
which stem c e l l s  are : removed from the s tem zce ll p op u lation . 
A: f i r s t  step  along d if f e r e n t ia t io n  pathways i s  to  transform  
p lu r ip o ten t;, c e l l s  in to  committed p rogen itor c e l l s  t Through 
fu rth ér  p ro cesses  o f  ; d i f f e r e n t ia t io n  and m aturation the  
haem atopoietic l in e a g e s  were than e s ta b lish e d  (S c h o fie ld  and 
L ajtha, 1974):. /  /  .. ' '
Severa l committed p r o g e n ito r s 'o f  blood c c e lla  h a ^  ïbeen 
ch a racter ized  by h sin g  in - v i t r o  c lo n a l aàhays. % f i r s t  
cu ltu re  assays to  be d escrib ed  wèrè fOr the prO gëhltors o f  
the gran u locytes and macrophages (P lu zn ik  and, SaoWÿïK .1965 ; 
Bradley and Metcalf^, M 9 6 6 ). Bone marrow or sp leen ;^ ceils  
were cu ltu red  in  s o f t  agar in  the presence ? o f colony  
s tim u la tin g  a c t iv i t y  (CSA) . There are rthree^ÿ':d i s t r i c t  
m orphological typ es o f c o lo n ie s  th a t were observed.: The
f i r s t  type i s  a t ig h t  co lony , which c o n s is t s  predominantly  
o f  gran u locytes in  y a r in s  s ta g e s  o f  d i f f e r e n t ia t io n  from 
m yelob lasts  to  polymorphs. The second type i s ‘ the •loose
co lon y , the c e l l s . i n  the colony are w idely  separated  and 
u su a lly  c o n s is t  o f macrophages. The th ird  type i s  a mixed
. a
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I
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colony with a dense c e l lu la r  cen tre  with a corona of 
s c a tte r e d , d if fu s e  c e l l s .  The proportion  o f th ese  c o lo n ie s  
observed however i s  dependent on the source o f the CSA used  
(Bol and W illiam s, 1980).
The committed p rogen itors o f the ery th ro id  c e l l s  were 
d etec ted  when h aem atopoietic c e l l s  were cu ltured  in  plasma 
c lo t  (A xelrad e t  a l .  1974) or m e th y lc e llu lo se  (Stephenson  
e t  a l .  1971) in  the presence o f ery th r o p o ie tin . There were 
two types o f ery th ro id  c o lo n ie s  observed. The f i r s t  was 
c a l le d  colony forming u n it-e r y th r o id  (CPU-E) which can be 
d etec ted  a f t e r  a two day period  o f in cu b ation . The s iz e s  o f  
c o lo n ie s  are sm all and con ta in  up to 60 la t e  norm oblasts and 
n u cleated  e r y th ro c y te s . The second type o f c o lo n ie s  i s  
la r g e r  than CFU-E. These c o lo n ie s  i s  composed o f  se v e r a l  
thousand c e l l s  which required  8 to  14 days o f in cu b ation  for  
mouse bone marrow (Gregory and Eaves, 1978) and about 10 to  
14 days for human c e l l s  (Ogawa e t  a l .  1976). These large  
c o lo n ie s  were c a lle d  burst colony forming u n its -e r y th r o id  
(BFU"E). Although the presence o f e r y th r o p o ie tin  i s  
e s s e n t ia l  for  f u l l  d i f f e r e n t ia t io n  o f BFU-E, o ther fa c to r s ,  
burst promoting a c t iv i t y  (BPA), were a lso  known to be 
required  (I sc o v e , 1972). The BFU-E appeared to  be an 
e a r l ie r  erythro id  precursor than the CFU-E.
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1.2.1 Models of.at.em diff
From the a n a ly s is  o f  sp leen  c o lo n ie s , s e v e r a l models o f  
stem c e l l  d i f f e r e n t ia t io n  have been p o stu la ted .
1 .2 .1 .1  H aem atopoiesis engendered a t random (HER)
In t h is  model, the determ ination  . o f  stem c e l l  
d if f e r e n t ia t io n  was considered  to  occur s t o c h a s t ic a l ly  or 
randomly ( T i l l  e t  a l .  1964). This model was p o stu la ted  
based on the a n a ly s is  o f the d is tr ib u t io n  o f CFU-S, CFU-C, 
BFU-E and CFU-E in  sp leen  c o lo n ie s . The d is tr ib u t io n  o f  
CFU-S in  c o lo n ie s  was shown to  be heterogenousy where the 
variance g r e a t ly  exceeded the mean. This d is tr ib u t io n  would 
not f i t  a p o isson  d is tr ib u t io n  but conformed much more 
c lo s e ly  to  a gamma d is tr ib u t io n .  The assum ption was made 
th a t during the development o f the sp leen  colony the 
p ro b a b ility  o f  s e lf -r e n e w a l and d if f e r e n t ia t io n  occurred in  
a random fa sh io n . This assum ption was fu rth er  supported by 
a Monte Carlo c a lc u la t io n . The number o f  CFU-C, BFU-E and 
CFU-E were a lso  reported  to  vary from colony to  colony  
ir r e s p e c t iv e  o f  colony morphology. These data suggested
-  25 -
. ' ■ ' . ;: i  ■th a t the in d iv id u a l c e l l s  w ith in  the p opulation  : were not 
c lo s e ly  reg u la ted  but^the p opulation  as a whole i s  regu la ted  
by varying the p r o b a b il i t ie s  o f  se lf-ren ew a l! and
determ ination  fo r  d if f e r e n t ia t io n .
4 - ^  f"7
1 .2 .1 .2 . H aem atppoietic. in d u c tiv e  micro-envlrdhmeht. (HIM)
In t h is  \  model determ ination^ o f  the stem c e l i  to- 
d if f e r e n t ia t e  occurs as a r e s u l t  Of ex tra  c e l lu la r  in d u ctiv e  
in f lu e n c e s  from the immediate mici^oehvironment (Wolf and 
T rentin , 1968). % i8  was p o stu la ted  fo llo w in g  s tu d ie s  g f
the h is t o lo g ic a l  compOsitign o sp leen  c o lg n ie s .  ThS' 
m orphological p ro p er tie s  o f  1 cd lb n ies  ^.in the spleen^^hre' 
dependent on the géographie p o s it io n . • thie c o lo n ie s  fbund on
th e  su rface  o f  the sp leen  are predom inantly« erythrb id
. : !  : t  ' ,whereas those in s id e : thé sp leen  -are m ostly ;granulo6yj>ic;
The r a t io  o f ery th ro id  ' and g ra n u lo cy tic  C olon ies !dèrived
from the in je c t io n  o f  bone marrgw, W le S s  than one
and for  sp leen  c e l l s  was approxim ately 3 .5 .  This r a t io
remained the same when ," thé" bone . ‘marrow or 'sp leen  was
retran sp lan ted  in to  secondary r e c ip ie n ts  (T r e n t in y # 1970).
! ' ' '' \  ' -
T h is! model su ggested  th a t the d ir e c t io n  o f  d if f e r e n t ia t io n
!- i
•!:i
i
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T
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6 f  , haematop6aétlc>: stem C e lls  f i s  c o n tr o lle d  by th e ir  
in te r a c t io n  w ith  environment o f the sp leen  or bone marrow 
stroma. :
Furthermore I t  has been suggested  th a t humoral fa c to r s  
produced in  the bone marrow or sp leen  may in flu e n c e  :the 
ch o ice  o f ’ CFU-S to  d if fe r e n tia te -to w a r d s  e r y th r b p o ie s is  or 
g r a n u lo p o ie s is . The r a t io  o f  E/G c o lo n ie s  derived!fr<^ybohc  
marrow c e l l s  o f  mice - trea ted  w ith  ARA^C* in creased
s ig n if ic a n t ly  compared to  th ose  c o lo n ie s  d erived  ifrom normal 
bone marrow (F f in d e l,, 1979), A s im ila r  incrCasCywas?alsO  
observed when bone marrow c e l l s  ihcubated w ith  bone: ; m^  
o f  mice trea ted ;: w ith  ARA-C were tran sp lap ted  (F rin d el e t  
a l .  1980) .  The m o d ific a tio n  o f  the E/G r a t io  Was assumed 
to  be due to  changes iat the CFU-S l e v e l  fF r in d e l and 
Vendrely, 1984). !
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1 . 2 . 1 . 2 . 1  l .Q.n& .fc.crm: bp n e. m fr b M ic iiitu r e . (LTp^gj;
"t * In long  term bone marrow cu ltu re  th e .h aem atop o iesis  was 
Ishown to be m aintained fo r  many months (D exter e t  a l .
; ' 1977 ) .  ' . The estab lish m eh t o f  adherent? : c e l l s ,  from bone marrow s 
i s  v i t d l  in  supjpprting: the ^ .p ro lifera tion  and d i f f e r e n t ia t io n  
o f  CFU-Sr In hhe absence o f adherent c e l l  la y e r ’fohvêxarapls; 
r by u sin g  s i l i c o n iz e d  cu ltu re  f la s k s  to  i n h i b i t f C e l l
attachm ent, the su st a in e nee o f  CFU-8 was hot ach ived . A fter  
in o c u la tio n  o f  fresh -bone marrow c e l l s  in to  adherent la y e r s  
the CFU-S th a t  are present in  the marrow inoôuluà m igrate
in to  the adherence la y e r  and e s ta b lis h  s i t e s  o f a c t iv e
haem atopoiesis (D exter e t  a l i  ■ 1978). As a r e s u lt  ^thei 
committed p rogen itor granulocyte/m acrophage c e l l s  (GM-CFC) 
(D exter e t  a l .  1978), p r im itiv e  erythro id  p rogen itor  p e l l s  
Î-E) (E lia sb h  :e t a l .  1979; "^Grègpjrÿ nndrfjEayesf
megakaryocytes precursor (W illiam  e t  a l .  197$) and - CFU-S 
were shown co n tin u o sly  p resen t in  the over ly ih g  growth
medium. C e lls  w ith  ^lymphoid p o te n t ia l were a lso  %being 
produced in  t h is  long term cu ltu re  (J o n es-v illen eu v e , and 
P h i l l ip ,  1980).
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The. adherent b e ll la yers produced from f e t a l  l iv e r ,  
spleen  and embryonic fib ro b la st  however did not maintain the' 
CFU-8 p r o life r a tio n  and d if fe r e n t ia t io n  (Reimann and Burger, 
1976). Furthermore the adherent layer established* from'»J ■ ' ' V ' . -V'.,
8 1 / 8 1  ^ mice which have a d e fe c t  in  the environment but = hot 
in  the CFU-8 was  ^d e fe c tiv e  in  th e ir  capacity to'support 
haem atopoiesis in  v itro :(D ex ter  and Moore, 1977)'
' i l l
I t  was su ggested  th a t adherent la y e r s  in  long  térm bone 
marrow cu ltu h e r e c o n s t itu te d  haem atopoietic microenvironment 
(D exter et a l ,  1977; D exter e t  a l ,  - 1978) .. , Three c e l l
typ es were observed in  the adherent la y e r : e n d o th e lia l
o e i l s ,  p hagocytic mononuclear and giant: f a t  c e l l s  (A llen , 
1981) .  R ecen tly , 8ong and Quesehberry (1984)/ have shown 
th a t the adherent c e l l s  obtained  from bone marfbw o f mice 
irh a d ia ted  a t 10 Gy Were a lso  capable o f suppb%tir% CFU-8 
and GM-CFC p o p u la tio n . They have shown th a t two type o f  
c e l l s  were presen t in  adherent la y e r s . The f i r s t  was a 
macrophage l ik e  c e l l s  and the second was e p ith e lo id  l ik e
29
1 . 2 . 1 . 2 . 2  The f ib r o b la s t ic  colony forming
The f ib r o b la s t ic  c o lo n ie s  were shown to be e s ta b lish e d  
when c e l l  su sp en sion s o f bone marrow, sp leen , lymph node and 
blood were cu ltu red  in  v it r o  in  the presence o f feed er  layer  
(F r ie d e n ste in , 1976) .  The c e l l s  in  th ese  c o lo n ie s  are 
ch ara cter ized  by th e ir  a b i l i t y  to produce c o lla g e n  and
m orphological fe a tu res  such as cytop lasm ic f i b r i l s  and
d is t in c t iv e  n u c leo la r  complexes (F r ie d e n ste in , 1976) .  From
the study o f t r i t i a t e d  thym idine la b e l l in g ,  chromosome 
markers, time la p se  photography and l in e a r  dependence o f  
colony number upon number o f c e l l s  exp lan ted , each o f the 
c o lo n ie s  o f f ib r o b la s t  was shewn to be c lo n a lly  derived  
(F r ie d e n ste in  e t  a l .  1970;1974) .
The f ib r o b la s t  c e l l s  harvested  w ith  try p sin  were shown 
capable o f forming f ib r o b la s t ic  c o lo n ie s  when in o cu la ted
in to  fresh  c u ltu r e . R etran sp lan ta tion  f ib r o b la s t ic  c e l l s
derived  from bone marrow in  v iv o  in  d if fu s io n  chambers were 
shown to form a c a l c i f i e d  t i s s u e  in  s im il ia r  manner to to ta l  
bone marrow c e l l s  . On the other hand f ib r o b la s t s  derived  
from sp leen  formed a r e t ic u la r  t is s u e  (F r ie d e n ste in  e t  a l .
1974) .  Furthermore when f ib r o b la s t ic  c o lo n ie s  o f  bone
'j! '
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marrow were tr a h s ferred!* under the kidney ogpsuiPj : the  
developm ent/ o f  bone and bone marrow was ob served * /O n  the 
other hand r e t io u la r r  t is s u e  populated 'w ith  ly m p h o id -/c e lls  
was observed when th e  f ib r o b la s t s  are trah sp lan ted  from 
s p le e n  c u ltu res  (F r ie d e n ste in  e t  a l .  1 9 7 4 ) . /  Fibrpblas^^
4: colony forming c e l l s  w ere,. suggested  r e sp o n s ib le  fdr/^the
tr a n s fe r  o f the microenvironment t y p i c a l / o f  the g iven  
h aem atopoietic t is s u e  (F r ie d e n ste in  e t  a l .  1974) .
The progen itor c e l l s  o f  f ib r o b la s t ic  c e l l s ia r e  more 
r a d io r e s is ta n t  than CFÜ48 or GM-CFC, and in  the mouSe/ the
mean Do under X -rays or gamma raj^ i s  2 .23+ 0 .23  Gy ( Hei
' \ahd Lord, 1983) .  In mouse femur, a high co n cen tra tion  o f
. ' - . . " .  'I ' '  " ' . ''FCFC was observed in  the ^ i a l  zone and decreased  in  the  
marginal zone (Xu and Hendry^ 1981) .  . /
" ■ : / y .  '
1 . 2 . 1 . 3  The. ..guantal, .Q.ell. py.ole
I f  c e l l s  were grown in - v i t r o / in  the presence o f f e t a l  
c a l f  serum and coh d ition ed  media from m itogen 8timula.ted^ 
sp leen  c e l l s ,  c o lo n ie s  con ta in in g  ery th ro c y te s , macrophages, 
n eu tro p h ils , .e o s in o p h ils  and megakaryocytes w eh e"obséryëhf
C-.L
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(M etoalf e t  a l .  1978) .  Erythroid c e l l s  were always 
observed in  a s s o c ia t io n  w ith  other haem atopoietic c e l l s .  
N on-erythroid c o lo n ie s  were a lso  d etected  in. t h is  cu ltu re  
system  such/ as -  n eu tro p h ils^ / n eu tro p h ils  and! macrophages, 
macrophages, e o s in o p h ils  and megakaryocytes:./  When th ese  
c o lo n ie s  were removed and cu ltu red  under s im ila r  C onditions  
only " mixed ery th ro id  c o lo n ie s  were capable o ff / producing  
fu r th e r  mixed c o lo n ie s  (M etca lf e t  a l .  1978)• /  • E osin op h il 
c o lo n ie s  , n eu trop h il c o l o n i e s , . neutrOphil arid'macrophage 
c o lo n ie s  or macrophage c o lo n ie s  were a lso  capable o f  
prOducirig secOndary c o lo n ie s .  E osinophil q o lo h ies  a lso  
could produce /  fu rth er  eo s in o p h il' c o lo n ie s  /: but pure 
megakaryocyte arid ery th ro id  c o lo n ie s  co u ld , not produce 
secondary / /c o lo n ie s  o f any kind (/ J oh ns oh arid = Me t  c a l f  ;
1978) .  From thesé^Observation^,Johnson ( 1981 ) -proposed th a t  
m u ltip o te n tia l c e l l s  : are /tr ig g e r e d  to /d if f e r e n t ia te /a n d  a 
p ro g ress iv e  l o s s  o f d if f e r e n t ia t io n  occurs a t eaCh sta g e
Lord (1983) su g g e ste d , t h is  ob servation  was c o n s is te n t  
to  the H oltzer b ip o te n t ia l  p r in c ip le  (H oitz er ÿ 197 8 ) .  
Furthermore. LOrd 01983) r e f in e d  t h is  model iri/ /oi'der: to  
r e la te  the evidence o f an age stru ctu re  o f CFU-8 compartment 
arid the p r in c ip le  o f  a n ich e being occupied by a b a s ic  stem  
c e l l s  ( s e e  F igure i . , 2 . 2 ) .  When stem c e l l s  in  the niche
-  32  -
«divide, one ' daughter remains in  the n iche, as a he^ -^tsmid é i l  '
w h ile  the :dther c e l l  has the p o te n t ia l to  d if fe r e n t ia te d  At
t h is  sta g e  i t  i s  capable o f  producing a l l  - the 'm ajor
haem atopoietic c e l l  l i n e s .  F ollow ing each d iv is io n  however
i t  s e q u e n tia lly  ic s e s  the cap a c ity  to  d i f f e r e n t ia t e  ,
s p e c i f i c  pathways. The p a ttern  " o f  lo s s  d if f e r e n t ia t io n
cap acity  i s  summarized in  f ig u r e  1 (;2.2* Evidence for  i h i s  , / /  
'h yp oth esis  has been d escrib ed  by Johnson (1981) fdllC w ingr . '  ^ "s e r ia l  tra n sfer  o f mixed C olon ies in - v i t r o .  .
t
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Figure 1 . 2 .2 :  G eneration  of haem atopoietic t is s u e  from a
s in g le  c e l l  a t  p o s it io n  »a n ich e p o s it io n * . G -
gran u locyte, M -  macrophage, e o s in o p h il, Mega -
megakaryocyte, E -  ery th ro cy te , K—  ^ 0 -  quanta s ta g e s , Ç
in d ic a te s  a c e l l  rep laced  by two c e l l s  in  th e  quanta stage  
(Lord, 1983).
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1.3 R egulation  o f CFU-S p ro li f e r a t io n
1.3.1 P r o l if e r a t iv e  s ta tu s  o f  CFU-8
The p r o l i f e r a t iv e  s ta tu s  o f CFU~S i s  normally 
determ ined by the s u ic id e  t e s t .  In th is  t e s t  the 
haem atopoietic  c e l l s  were incubated  with t r i t i a t e d  thymidine 
(^HTDR) (Becker e t  a l .  1965; Lord e t  a l .  1974) or cy to s in e  
arab in osid e (ARA-C) (an S«phase c y to to x ic  drug) (R iches e t  
a l .  1981a) .  The numbers o f  c o lo n ie s  formed on the sp leen  
were reduced compared to  the co n tro l o f haem atopoietic c e l l s  
incubated  w ith medium, due the k i l l in g  o f CFU-S in  DNA 
sy n th e s is  by ^htdr or ARA-C.
In the haem atopoietic t is s u e s  o f the normal ad u lt most 
o f  the CFU-S p opulation  are in  a n o n -p r o life r a tiv e  s t a t e .  
The proportion  o f  CFU-S sy n th e s iz in g  DNA was about 10 
percent (Becker e t  a l .  1965) .  During regen era tion  a f te r  
treatm ent with ra d ia tio n  or c y to to x ic  drugs, the CFU-S 
p op u la tion  were found in  a h igh ly  p r o l i f e r a t iv e  s t a t e .  
About 30 to  50 percent were in  DNA sy n th e s is  (Lord e t  a l .
-  35 -
In f e t a l  l i v e r  the GFl^S population
d' V , - " - n.a c t iv e ly  sy n th e s iz in g  DNA, about 30 p ercent of: CFU-^ S were 
k i l l e d  by ^HTDR or ARA-C (BeCker e t  a l . 1965; • Thomas e t
a l .  1981) .
1.3.2 Local;; ipr d llf  er atiyfL jcsmtcal - ÿ.
,7: '
P r o life r a t io n  o f  CFU-S in  haem atopoietic : t i s s u e  may 
w e ll be cçr itro ïled  a t  a lo c a l  l e v e l .  This su g g estio n  camé 
from the.phenomena o f  d i f f e r e n t ia l  p r o li fe r a t io n  o f ^FÙ 
d if fé r e n t  t i s s u e s  in  th e 'same 'anim al#(C roize t  e f  -à l. t:1970; ' 
G id a li and Lajtha;i 1972 ; R encricçà è t  a l .  1970 ; Wright and 
Lord, 1977) .  exam ple,r in  . p a r t ia l ,  body ir r a d ia t io n
experim ents, th e  n u m b e r o f  CFU-S in  th e  sh ie ld ed  areas  
decréasedrcon sid erab ly  so o h ea fter  exposure^ the perentage o f  
CFU-S in  DNA sy n th e s is  in creased  markedly a f te r  i n i t i a l  
d e p le tio n  and returned to  normal le v e ls  a fter , that* (Crîêizat 
e t  a l .  .7970;:; G id â li and Lajtha 1972).: Mean w h ile  in  th e  
ir r a d ia te d  marrow where the CFU-S population  was markedly 
depopulated, the CFU-S p op u lation  stilÿ itco n tin ü e d  t o  
ra p id ly  (C rd izat e t  a l ,  1970 ; G id a li and Làjtha 1972):^.
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1 • 3 . 3 Humoral fao tora  o o n tr ô llin g  CFU-S p rô ïifera tÉ d n
Thé same phenomenon was a lso  observed;by Renor1ooa e t  
a l ,  (1970) and confirmed by Wright and Lord (1977) in  mWoé \ 
trea ted  w ith  :phenylhydrà2 in e . Thé C oncen tration  o f  ÀCFU-Sd in  
th e bone marrow had: ^ fa lien  to  about 50 w éereae ih:
the sp leen  the CFU-S had in creased  to  about 3 to  4 tim es  
co n tro l va lu es 7 days a f te r  treatm ent. The CFU-8 p op U létion -u  
was p r o life r a t in g  maximally in  the bone marrow but * in  
sp leen  <at the same tim e the ra te  was th e : sàmé as eontrolSv r
(Wright and Lord, 1977) .
GFU-S p r o l i f e r a t io n  has been shown to  be oonthOTled by I: 
humoral fa c to r s .  An in h ib ito r y  fa c to r  was shown to  be, 
presen t in  haem atopoietic^ v t^  ^ where CFU-S were
p r o life r a t iv e ly d  q u iescen t (W right-e t  a l . 1977; F rih d ei e t  ' ^
a l ,  1976) .  On the other hand â stim u la tory  fa c to r  was 
shown to  be p resen t in  r% en eratih g  bone marrpw pr f e t a l  j
l iv e r  (Lord e t  a l ,  1977; Becker é t a l ,  1965;' Thomas e t  
a l ,  1981) ,  ' r " ' . i
' . y ': ' -'" : -.- . ' f  ' ' ' / / v c w  .yY - -; . )&3- /  ' ' ' . ' '  \ :/ : ' . r y  r- ^
-  37 —
. The ev idence fo r  the presence o f in h ib itoryr and 
stim u la to ry  fa c to r s  o f  GFÜ-S p r o li fe r a t io n  has béen te s te d  
by groups o f 1 workers in  B r ita in  and France. The; B r it is h  
group used supernatant fr e e  o f c e l l s  ( con d ition ed  media) 
from haem atopoietic t i s s u e s  and te s te d  fo r  the présence o f
X in h ib ito r  or s tim u la to r  by incubating  them w ith  the -non
r%i: - . : . '  :p r o life r a tiv e ^  CFU-S p op u lation  (normal bone marrow c e l l s )  ?;or
h ig h ly  p r o l i f e r a t iv e  CFU-S pop u lation  (reg en era tin g  bone
marrow) ■ (Lord e t  a l .  1977; Wright e t  a l .  1977; Cork e t
a l .  1980; R iches e t  a l .  1981a; Thomas e t  a l i  1981) .  On
the other hand the group in  Fraiioe" used a system  which i s
composed o f  two c e l lu la r ,  compartments, based on a
com bination o f vor^ah cu ltu re  arid t i s s u e  cu ltu re  (Friridel e t
: a l .  1976; CrOizdt aridFFriridel, 1980)  ^ %
gi
The in h ib ito r  and stim u la to r  in  bone marrow extriaotcari  
be concentrated  in to  d if f e r e n t  m olecular w eiglit bands by 
Using . an an Amicon D ia flo  u l t r a - f i l t r a t io n  c e l iy i i  Lord -  e t  
a l .  1976; Cork e t  a l .  1981) .  The in h ib ito r  was foUnd to
y
' '... : .v.
y  '  -   ^ ;
coriéentrate/ only in  fr a c t io n  TV w ith  m dleoular w e ig h ty #  to  
100 K d£0Ltpns%frbm normal bpne:marrow ex tr a c t and stim u la to r  
wap^  found concentrated  in 'f r a c t io n  I I I  w ith -moiecuiar^W eight 
SOyrto 5C1. K d a lto n s from regen era tin g  bone marrow e x tr a c t . 
TtL was a lso  shown th a t ih h ib itp r  can be concentrated  in  
fr a c t io n  IV o f  bone marrow ex tr a c t o f  r a t , p ig  and human ( 
Wright e t  a l .  1981; R iches é t  a l .  1981b ) .  ;E rihdel and
Guigon (1977) bothy, reported  th a t in h ib ito r  o f CF%8 
p r o li f e r a t io n  was a ls o  presen t in  f e t a l  c a l f  bone marrow 
e x tr a c t:  and can be d e tec ted  in  the d ia ly s a b le  fr a c t io n  o f  
the e x tr a c t.
The e f f e c t  o f iid iib itb r  and stim u la to r  has now been 
shown to  be s p e c i f i c  to  the (3FÜ-8 populatio ii; Lord : e t  a l .  
(1976) had showed th a t fr a c t io n  IV o f  normal bone, marrow 
e x tr a c t had no e f f e c t  on : bhe p r o life r a t io n  o f committed 
p rogen itor c e l l s  such as GM-CFC and ,CFU-Ë. In h ib ito r  was 
a lso  shown: to  have no e f f e c t  on the p r o life r a t io n ÿ o f  PHA 
stim u la ted  lym phocytes (Cork e t  a l;  1,980) . S tim u lator Wes 
a lso  shown to  be s p e c i f i c  for  the GFU-S p op u lation  (Cork e t  
a l .  19821. Î
%
y ;  / 7^7
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t * 3 . 3  C h a ra d t^ ia tlo : ofi in h ib ito r s  and stimulatoryprodUQlng c e l l s
From c e l l  fr a c t io n a t io n  s tu d ie s  using a bovine; {serum 
albumin d en sity  g ra d ie n t, Wright and Lord (1978) showed th a t  
in h ib ito r  and stim u la to r  were produced by c e l ls 3 î i ^  lower 
d en sity  fr a e t io n s . In h ib ito r  a c t iv i t y  was produced by c e l l s  
w ith  a d en sity  o f  1 . 052 - 1 . 06 0 ’ g om~  ^ and stim u la to r  : was 
produced by ,, c e l l s  w ith  a d en sity  o f  1 . 064-1 . 072  g cm*"^ . 
W hilst in  the fr a c t io n  which'was enriched fo r  th e  : CFU-8 
p opulation  n e ith er  in h ib ito r y  nor stim u lh tory a b t i y i t i e s  
were d e tec ted . Producer c e l l s  were shown to  have many o f  
the p ro p ertie s  o f  macrophages such as p o ssess in g  the Fc> 
recep tor  and being p h agocy tic . However riot a l l  macrophages 
are capable; o f  producing th e  fa c to r  (Wright e t  a l . - ' - 1987; 
1982) .  ;
y«)'.::''«;T'y^yr- ./cryy"\'Yy;. - -- -'' '^ .-i»- . ;  ^ . - ". .. %-v ÂZ-. - ....\!-
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The e f fe c t  of in h ib ito r  and stim iiiatpr'was shovrnyto be 
com petitive when used in  combination with, eachl other 
in -v itr o  (Wright e t  a l .  1977), These two factbra aré; not 
mutually destructive; s in ce  they can be incubated together - 'L - ,
for? 25 hours or more and reta ih y  th e ir  y a c t iv ity , a fter
separation (Lord and Wright, c l 982).%,Wright e t  a l .  (1 9 7 #  
and Lord e t  a l .  (1977) suggested th h t the le v e l  of CFU-S 
p r o life r a tio n  in  an animal may be dependent on the balance 
o f in h ib ito r  and stim ulator productioh. Although there was 
no in h ib itory  a c t iv i t y  reported injRBME IV from;rOgeherating 
marrow dr no stim ulatory a c tiv ity -rep o rted  ihyNBME l i i  from 
normal qu iescent marrow,- th ese feohors could be detected  in  
concentrated sUb-popUiations from density  fraction ated  
samples. Thus both in h ib ito r  and stimUlatoh producing c e l l s  
are present in  a l l  populations but the balance o f  . th é :factor  
production,dépends on the k inéticsy  o f the t is sU e . 7  y'y .
y;. . . c ,. , - : -  ' ' " y  : '^ ' . ."ÿ;
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1 . 3.7 The io m t i aR..of.ÆorCFPrj^ .rin  oe i l  gy iSlje
.-.y
The CFU-S p op u lation  can be rap id ly  tr ig g e red  in to , o e i l  
icyd le  by means o f r a d ia t io n  (L a h ir i and Van Puhtehy?y097O)., 
s te r o id s  (Byrjpn, 1 ^ 2 )  Pr:y: oytotp^ io  drUgs ( Smi@ e t  a l .
. This le% :tp the su g g estio n  that, o e l l s  are hpld up; #  
Go in  la t e  G1 or a t the G1 ??S boundary. Furthermorêy:^ &  
s e r ie s  o f  experim ents u sin g  various com binations o f
in h ib ito r  (NBME IV) and stimulatpr^CRBME I I I )  together.W ith  
v in b la s t in e  as a m ito t ic  b lock in gyagen t, Lord (1^80) shpWed 
th a t the lo c a tip ii o f Go was a t  the end o f GT;
%
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1 .3 .
The a c t io n  o f in h ib ito r  and stim u la to r  on CFU-S 
p r o li f e r a t io n  seems to  operate as a switch to  on or o f f  (Lord 
e t  a l .  1979). S tim ulator in creased  the proportion  o f CFU-S 
p r o li f e r a t in g  from normal bone marrow maximally a f te r  30 
minutes o f in cu b ation . On the other hand in h ib ito r  had no 
measurable e f f e c t  w ith in  t h is  in cu b ation  tim e. I t  was 
su ggested  th a t in h ib ito r  does not a f fe c t  d ir e c t ly  the CFU-S 
in  DNA s y n th e s is .  From the time and dose response e f f e c t  of 
in h ib ito r  on CFU-S p r o li f e r a t io n ,  Lord e t  a l .  (1979) showed 
fo r  a period o f  2 hours in cu b ation  a th resh o ld  dose o f  
in h ib ito r  i s  n ecessary  before a f fe c t in g  the CFU-S 
p r o li f e r a t io n .  For the long period  o f in cu b ation  lower 
doses o f in h ib ito r  are requ ired  to  have an e f f e c t  on CFU-S 
p r o li f e r a t io n .  I t  was su ggested  th a t at the th resh old  dose, 
the in h ib ito r  was e f f e c t i v e  only at the s ta r t  o f the G1 
phase and t h is  perm its the G1 c e l l s  to progress normally 
in to  the S-phase, As the dose i s  in crea sed , the e f f e c t  i s  
extended throughout the G1 phase to the G1-S boundary and 
e v en tu a lly  e f f e c t i v e ly  b lock in g  the en try  o f c e l l s  in to  
8-phase and thus r e s u lt in g  in  an e a r l ie r  in h ib it io n .
1
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1 , 3 .9  CFU^S j3rQllfcriatj.cn: l u  IcnAitcrm  bone.marrow.cul:tur.e CUBMCl.
In long term bone marrowîo u itu r e s , CFU-S p r o li f e r a t io n  
cari be maintained: fo r  long  p eriod s o f  tim é (D exter e t  a l .  
1:977). This CFU-8 p r o l i f e r a t io n  Was observed~ in  both y th e  
adherent arid non-adherent la y e r s .  When the c u ltu r e s  were 
d ep leted  by removing h a l f  o f the growth medium the CFU^ -S 
p opulation  in  th é adherent and non-adhererit la y e r s  were 
h ig h ly  p r o l i f e r a t iv e ,  about 30 to  50 percent o f  CFU-S w e r e  
in  DNA s y n th e s is .  The p r o li f e r a t iv e  a c t iv i t y  however 
returned to  normal le v e l s  one week a f te r  feed in g  (D exter e t  
a l .  1978).
The in h ib ito r y  and stim u latory  t fa c to r s  o f  CFUrS
p r o li f e r a t io n  were shown to  be present in  the . medium from 
liTBMC and can: be; concentrated  in  the same Amicon fr a c t io n s  
as in h ib ito r  in  normal bone marrow ex tra c t or asi stim u la to r  
in  regen eratin g  bone:marrow ex tr a c t (Toksoz e t  ai.^  -1980). 
High l e v e l s  o f  s tim u la to r  a c t iv i t y  were shown in  the cu ltu re  
medium S h ortly  R after feed in g  where CFU-S are a c t iv e ly  
c y c lin g . When t h is  cu ltu re  medium was fr a c tio n a te d  the  
stim u la to r  was reta in ed  in  - y fr a c t io n  I I I .  However in  
fr a c t io n  IV a low  le v e l  Of in h ib ito r  has been d e tec ted . On
'3
y
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7 . Y.the pther hand in  7 days post feed in g  cu ltu re^ mediâyhîgh; 
ieyelS :: Of I n h ib i t  ory y and low le v e l s  of: stim u la tory  faptP rs  
were d e tec ted . ‘ *
-
V
Furthermore when the exogenous NBME IV in h ib ito r  was
. ' ' T '  - . ' 'added to newly fed  cu ltu r e  the CFU?8 p r o li f e r a t io n  in  both  
the adherent and the non-adherent /layer was redUped to  
normal l e v e l . Whén RBME I I I  was added to  c u ltu res  fed  B
y - ; - - ' - ' - , ' ,  " " V . . . . " *  ' : ydays p rev io u sly  the proportion  o f  CFU-S in  DNA syntheSiS'W as 
in creased  to  maximun 78 hours a f te r  .ad d ition . Thus: i t  y has 
been su ggested  th a t y the p r o li f e r a t io n  o f CFU-S in  the 
cu ltu re  system  mimic the 7changes-observed in -v iv o  (ToksPz e t  
a l .  A 980): ^ , ' /
rSii
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1 .4  Effeoit- -of- r a d ia t io n  on haematPjp.Qletlo stem  c.êlls.y( CFUrS)
Haem atopoietic " tissu e  is -o n e  o f the most s e n s i t iv e  to
rad ia tion*  D ep letion  o f  haem atopoietic s te m -d è ils  i s  one of
the major fa c to r s  which causes the fa i lu r e  in  th e'su p p ly  :Of
mature fu n c tio n a l blood d e l i s .  This le a d s  to  the de^th? o f  v  y
an animal a f te r  a few grays o f whOléybOdÿ' X -ir r a d ia t io h  and
-  -- ^i s  known as the bone marrow syndrome. The development o f  . •
; th e tsp le e r i ' colony assay  ( T i l l  and McCulioch, 1961) fo r  ;
measuring the rep rod u ctive  in te r g r ity .  o f  stem g c e l l s  has
enabled q u a n t ita t iv e  stud ies,; to  be made a f te r ;  exposure to
r a d ia tio n . ‘ > <
1 ,4 .1  CFU-S su r v iv a l curve
The S u rv iv a l curve was f i r s t  measured Iby; and 4
McCulloch (1 9 6 1 ). The su rv iv a l fr a c t io n  o f  CFUt-S was u su a lly  
obtained  by côiiiparing. thé number o f CFU-S in  the femur or 
sp leen  a f te r  ir r a d ia t io n .to  the number o f CFU-8 in  the femur 
or sp le e n  o f  u n irrad ia ted  mice J'U(The surviv.àl can  be 
m easured.only Up t o ,a  d o sé ;o f 4 .0  to  6 .0  Gy, about the ;th ir d
: y  y   . i s i t e
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decade o f depopulation . For doses above t h is  range, i t  was 
d i f f i c u l t  to  measure due to  the l im it in g  7:s i z e  Of the  
inoculum to  ensure a s ig n if ic a n t:  number o f c o lo n ie s  (Hendry 
and Lord, 1983). ■ ^  '
The dose which wàs required  to  ir ia c t iy à te  or reduce 
su r v iv a l to  3% p ercent i s  knoWn as or Do* " The seobhd 
parameter from the su r v iv a l curve was t h é |e x tra p o la tio n ' 
number (n) which i s  obtained  by ex tra p o la tin g  the s tr a ig h t  
l in e  o f the su r v iv a l curvo yto i the su rv iv a l fr a c t io n  a x is . 
The Do o f  bone marrow CFÜ- 8  a f t e r  gamma ir r a d ia t io n  in -v it r o  
was 1.05  Gy and ;the n va lu e was 2 .5  ( T i l l  and McCullOch,
1961). However when ir r a d ia t io n  was performed in -v iv o ; * the
Dqm was S lig h ty  decreased  but the ex tra p o la tio n  number ;(n),f. 
decrea:sed'yi:0 abput 40 p ercent (McCulloch and TjÉl^;y'yyi^&2)T 
In other s tu d ie s ,  Hendry (1972) reported  th a t there;wereBno
S ig n if ic a n t  d if fe r e n c e s  the in  D _  or n v A u e s  yO fter the- , " i   ^ " . yyy' " yy":
in -v iv o  or the in - v i t r o  ir r a d ia t io n  e ith e r  ü ith  gaàmayfàys 
or;)t-rays or 14 MOV n eu tron s.
The s e n s i t iv i t y  o f CFU-S p opulations fhpm d if fe r e n t  
s o u r c e s .w a s  shown to  vary. Sim ihovitch  a%y ( 1965) 
-Showed th a t CFU-S derived  from f e t a l  l i v e r  were: more 
r a d io r e s is ta n t  than CFU-rS derived  from bone marrow or
%%
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" sp leen . However 14 days a f te r  tra n sp la n ta tio n  in to  le t h a l ly  
ir r a d ia te d  - r e c ip ie n t s ,  the s e n s i t iv i t y  was c lo se  to  
c o n tr o l. Hendry (1972), a ls o  reported  th a t the , s e n s i t iv i t y  
o f  CFU4S Obtained from fem O ral bonêInafrpw o f laioe 7 àays 
fo llo w in g  4 .5  Gy whole body X - ir ra d ia tipri was low er compared 
to  CFÜ-S from thorm alîbone mSrrow. H ow evérthe ob servation  
th a t cy c lin g  CFU-S were le s s , .r a d ip s e n s it iv e  was n o t  
c o n s is te n t .  Duplari and Feinendegeh 11970) showed th a t# F U -S  
su rv iv in g  thymidine su ic id e  were; y lè s  s  - ra d io sen si  t i y e ' as 
compared to  CFU-S in  S-phase. . "y; -
; ',4
7:4.2 T^ffeot. of  different. LJST
R adiations w ith  d if f e r e n t  l in e a r  energy tr a n s fè r - 
were cknown to  produce d if fe r e n t  b io lo g io a ly  e f f e c t s .  The 
response ' o f  CFU-S to  d if fe r e n t  LET r a d ia tio n s  were # 
in v e s t ig a te d  by fHehdrÿ (1972) and Carsteh arid Bond ( 1976) 
Hendry (7 9 7 2 ) .showed th a t thèyDgY fo r  neutrons: o f fFUTS from 
fem oral marrow,! regen era tin g  bone marrow and sp lepn  . w ere  
lower than fo r  X-rays and gamma r a y s / The ex tra p o la tio n
y  . . .  c r . -number' o f  neutrons fo r  fem oral CFU-8 waS a lso  shown - to  ,be.
^ ' y .  . .. 'low er than X -rays and gamma rays but no s ig n if ic a n t
'
y  ;
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d if fe r e n c e s  were observed fo r  s p le n ic  and regen era tin g  bones-  
marrow CFU-S, . However in  a study using m bnbenergetic■ 
neutrons prioduced by an a c c e le r a to r , the^ r a d io s e n s it^ v ity ‘o f  
CFU-S bone marrow was shown in cr ea se  w ith  inO reasing energy 
(C arsten  and Bond, 1976).
The r e la t iv e  b io lo g ic a l  e f f e c t iv e n e s s  (RBE) o f  
m onoenergetic neutrons (th e  r a t io  o f D |^^6f X -r a ^  (bbythe 
o f  neutrons) was abbut 2 ,7  for; the -range o f  en erg ies  
between 0 .43  to  1 .8  MeV (C arsten  and Bond, 1976)  ^ However 
neutrons w ith 13 .4  MeV » the RBg value was l e s s  than u n ity  
(C arsten  and Bond, 1976). The RBE fo r  the f i s s i o n  neutrons 
Of reactor  or -^^GF was shown to  be loWer than fo r  the  
m onoenergetic f a s t  neutrons.
The RBE o f  neutrons fo r  CFU-S derived  from d if f e r e n t  
sources Was shown to  be -d if f e r e n t  (Hendry,: 1972). The
s e n s i t iv ib y y  o f  CFÜ-S to  low LET r a d ia tio n  (X -rays ariAgàüma'X4.y /
rays) was a lso  reported  to  be d if f e r e n t  (Hendry, 1972).
4
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1 .4 .3  The e f f e c t  o f bone
The absorbed dose o f r a d ia t io n  by the marrow during
exposure i s  d ir e c t ly  in flu en ced  by the bone which e n c lo se s
the marrow c a v i t i e s .  This in flu e n c e  i s  due to d if fe r e n c e s  
in  p h y sica l p ro p er tie s  o f bone and marrow. During exposure  
to  200 -  300 kVp X -rays, the energy absorbed by s o f t  t is s u e
c lo se  to bone was h igher than th a t absorbed by s o f t  t is s u e
remote from bone su r fa c e s . The em ission  o f secondary  
e le c tr o n s  from the bone su rface lea d s to  the adjacent s o f t  
t i s s u e  r e c e iv in g  a h igher dose than expected  (S p ie r s ,  
1949).
Epp e t  a l .  (1959) by u sin g  c a lc u la t io n s  developed by 
S p iers  (1949)have shown th a t for  250 kVp X -rays the e f f e c t  
o f secondary e le c tr o n s  i s  s ig n i f ic a n t  up to 200 jum from the  
bone su rface whereas gamma rays o f ^^Co produce very few 
secondary e le c tr o n s . Lord and Hendry (1972) showed th a t the 
secondary e le c tr o n s  would in cr ea se  the dose to  the femoral 
marrow by 6 p ercen t. This minor e f f e c t  can be d e tec ted  when 
a x ia l and marginal CFU-S are assayed sep a ra te ly  a f te r  a 
s p e c if ie d  dose o f 200 kVp X -rays. The r a t io  o f numbers of 
CFU-S in  the marginal and a x ia l  zones o f normal u n irra d ia ted
-  50
mice 4 i s  1169, T h is ;r a t io  was u n e ffe c te d  by 1,21 Gy o f gamma ; 
ra y s, but i s  reduoed to  1*32 by 1*0 Gy o f  200 kVp- X -rays.
In the vetêbraê; o f^ th e .mouse where the marrow I s ' i n  the form 
o f  a l a t t i c e  o f  spheres o f 200 um in  diam eter w itli 80i>*im o f ' -
bone w a ll th ic k n e ss , the enhancement o f the dose would bë 
about 12 percent compared to  the gamma rays. ^The r a t io  o f  , 
th ey  bone “^ surface to  volume in  yetebrae was h igh ër opmpared
to  the femur. As a consequence, : the percentage o f CFU-S
; ' . ' ,  ^ 3. , ,  .
k i l l e d  in  veteb rae was about 40 percent h ighër than i h t t h e ; 
femur (Lord, 1978).
The e f f e c t  o f  bone on the absorbed dose /  of. mrroW : * 
during f a s t  neUtrons exposure however was co n tra ry . to  the  
e f f e c t  o f X -rays f s e e  F ig u fe  1 .4 .3 )> v - I t  wasyshown th a t the 
dose Would be low er when c lo s e  to  ithe bone sUhfad# a f te r  14 
MeV neutrons exposure (Yammamptp, 1 9 6 6 )  ^ The 'e f fe c t  on : the  
CFU-S p op u la tion  can be shown by measuring thë r a t ip  o f  
CFU-S su rv iv in g  in  the femur and veteb rae (See t a b le i  
1 .4 ,3 ) .
: ï4
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Figure 1 .4 .3 :  Diagram atic i l lu s t r a t io n  o f  the ra d ia tio n
energy absorbed by bone marrow fo llo w in g  ir r a d ia t io n  by 
X -rays, gamma rays and neutrons.
'  ' .  : .  4 -  . ' ' y  %'
■v. v'V
;Vy
^ 4 . , 4
-  52 -
Table 1 .4 .3 î E ffe c t  o f  r a d lâ tio n  q u a lity  and the presence o f 
bone on the s p a t ia l  d is t r ib u t io n 'o f  CFU-S,;: ;
#
0
■" Marginal CFU-S
i. , % 
Femoral CFU-S su rv iv a l
5 %’r
A xial CFU-S Vetebrai>CFU-S su rv iv a l ;;
Control 1 .6 9  + 0 .17
' ' - ' 7:^.".%
;7.oÿ" /imy' ■ ■ ■ tfii
1 .0  Gy X-rays 1 .32  + 0 .1 5 1 .3 r ^ ^ .T 5 : ' . ' %
(200 kVp)
1 .2  G yj(-rays 1 .68  + 0 .1 4 "4 - > ; . 1 .1 0 + 0 ,1 1—
(137cs) 'V
2 ,0  Gy neutrons - 0 .7 4  + : 0.11 y:
(14 MeV d+T)
( Lord and Hendry i 1972) (Lohdy 1978) . . .%
—w— —— — T—— - -------------- ------------------------; . ;
y>y.
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1 .4 .4  E ffe c t  o f  dose r a te
4
7 :7 .
I
Krebs and Jones showedi^the and n v a lu è k # b f  cWj-S
;  Î ' '  , . - ,  ' ■were chan^ d when ir r a d ia te d  a t dose ra te  o f , 0 .00286 ,Gy-• 74 "'
4 4  :
min-^ to  T # 5  Gy min"^. However:'Giassgow e t  "A.: : (1973)
- ' . - ' : ' ' ^4 '  ^ ' 4-  / ' '  "reported  th ere was no change in  s e n s it iv ity y O f  CFÜ-S7 to  
r a d ia tio n  . when t h is  ran ge'o f dose r a te s ^ n s  used; > A t the 
very low dose r a te ,  0 .5  Gy day"^, Æorteous and Lajtha (1966) 
/  reported  the su rv iv a l curÿe o f GFU-S was changed to  a 
. b ip h a sic  curve*rv;The i n i t i a l  phase' o f  the curve i s  mUoh
4;7.4' V7;' s tô e p lë r  than the - second phase, .7 The? s lo p é  o f the . i n i t i a l  
curve wàs 4 Shown not to  be dppe ÿ;de pendant and A  so not
V'. Vl'y-,,,',v 14-,s ig n i f ic a n t ly  d if f e r e n t  from the curve o f  acu te s in g le  dose 
(Wu and Laj tha , 1975), The s lo p e  o f the i n i t i a l  curves was 
su ggested  t e  'represent the s e n s i t i v i t y  o f .q u ie sc e n t  CFU-S. 
As, th e’y  accum ulation, o f  the?dose in creased iab ove 3*0 Gy or, 
about 2 percent o f CFU-S surviyaiyL  then th e second phase o f  
the curve was observed and was dependent on the dose r a te .  
On th e .o th er  hand, by u sin g  the same low dose r à tè  reported' yy ? /  ' :by WU and Lajtha (1 9 7 5 ), Kalina: e% àl. y( 1975)4 ehoWed th a t
, . ; . 4 '  ' " '7 4  ,.4 4
the was h igher than fo r  an aCute' s in g le  dose and
in crea sed  w ith  d ecreasin g  dose r a te .
v%
â
... 4 . J
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1 .4 .5  Post ir r a d ia t io n  _dip
A fter i n i t i a l  d e p le t io n  fo llo w in g  whole body gamma or X 
ir r a d ia t io n , the number o f  CFU-S in  the femur and sp leen  was 
fu rth er  decreased from few hours to  48 hours ( Guzman arid 
L ajtha, 1970; Hendry and ?Howard, 1971 ; Hendryj 1972). This 
d e c r e a se ,w a s  c a l le d  the post ir r a d ia t io n  d ip . The dip  
howeverywasynot :dependent on the dose. In theyfemur, between 
the doses : o f  0 .5  Gy to  9 ,0  Gy th e dip Was to  about 55 
percent Whereas in  the sp leen  t h is  lo s s  i s  more sev ere , 
about 90 percerik between 1 .0  Gy to  5 .5  Gy (Hendry and Lord,% 
1983) .  A s im ila r  d ip  w a s:a lso  observed when 'Unirra& iated  
CFU-S were g ra fted  in to  a primary r e c ip ie n t  (L a h ir i e t;;a l. 
1970): ^
Ther dip can be ab o lish ed  by various treatm ents g iv e n  
b efore ir r a d ia t io n  such as endotoxin  (Smith e t  a l .  '1 9 6 6 )  
and cyclophosphamide (M illa r  etya l*  19 7 8 ). The d ip  was 
shown to  reduce when mice were exposed to  high LET r a d ia tio n  
( Hendry and Howarid, 1971).
;3
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1 •■^ ,.6 H egeneratioh  o f  CFU-8 pouM atlon
''13%
A fter 7 the post ir r a d ia t io n  d ip , the CFU-8 population  
b egin s to  regenerate  by in g rea sih g  the proportion  o f  CFU-S 
en ter in g  in t 6 ; t h e  o e i l  e y o le ,y  The ra te  o f ,  the recovery  
however was dependent on the i n i t i a l  d e p le t io n  a f te r  
ir r a d ia t io n . At^low d oses the recovery ra te  i s  slow er and 
takes a longér tim e to  ireach normal l e v e l s  as compared^to ? 
higher dose (C heryin ick  arid Boggs, 1971).- ' ' 'y ,
, At a dose above 3 .0  Gy the i n i t i a l  d e p le t io n  o f CFU-S 
i s  g rea ter  than 1 .5  decades, th e  mean doubling tim e o f  GFU-S 
in  the femur was about 28 hburs,and 16’ hours fo r  y QFUlS in  
sp leen . Recovery to  the normal va lu es odcurs w ith in  3% to 5
weeks. There was no evidence o f  an oyer shoot e ith e r  » in
sp leen  or : femur. The doubling tim e?of CFU-S in  the femur 
was s im ila r  to  th a t o f normal CFU-S g ra fted  in to  le t h a l ly  
ir r a d ia te d  r e c ip ie n t s .  I t  was suggested  th a t th is  value
rep resen ts  the optim al ra te  fo r  rep op u la tion  and
d if f e r e n t ia t io n  o f  CFU+ S in  haem atopoietic t i s s u e .  /  %:!
S ch o fie ld  arid Dexter (1982) reported  th a t a f te r  0 .5  Gy o f  
whole body X W irradiation, CFU-S do not rap id ly  repopulate  
th e ir  number to  normal l e v e l .  , An i n i t i a l  d e p le t io n  o f CFU-S
y  I
y y
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in  the femur ’ to  about 60 percent occurred ? fo llow ed  by à 
fu rth er  decrease to  30-40 perceriti24 hours l a t e r . However, 
25 days la t e r  the CFU-S had recovered  oply to  70 percent o f  
co n tro l CFU-S numbers and p lateaued  a t 50. p ercent l e v e l  
afber 30 'ko’ 55 d ays. The CFÙ-S however did f i n a l l y  reach; 
the normal l e v e l s  a f t e r  two months;
1.4 .7 Residuali.sff#Qt: of-CFU-S
44
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" y' The CFU-S p op u la tion  both in  the femur and sp leen  has 
been shown to  recover to  normal l e v e l  a f t e r  a s in g le  
s u b -le th a l dose (C oggle, 1980). However th ére  a re  a lso
se v e r a l rep orts showing th a t  the CFU-S?rnumbèrs  Were .unable
to  recover to  normal le v e l  ( C arsten and Bond, 1979X7G o v e lli 
and JM etalli, .1973; C ro iza t e t  a l .  1979) • The co n cen tra tion  
o f  thé CFU-S per mm femur sh a ft  len g th  was a lso  iireportedyto' 
decrease to  about 1 /3  o f u n irrad ia ted  co n tro l a f te r  7 .0  Oy 
o f  X-rays (C o v e lli  and M e ta l l i ,  i9 7 3 )* Furthermore Grpizat 
e t  a l .  (1979) reported  th a t the c y c lin g  r a te  p f CFÜ-S Was,
in creased  6 months a f t e r  exposure to  5 .0  Gy o f  4.5( MeV
Y: ' ' ' ' ' t 'e le c tr o n s .
% ya
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The re s id u a l damage o f CFÜ-S however was more obvious 
when repeated  ir r a d ia t io n  was performed a llow in g  time; for  
rep op u la tion  between doses (Hendry and L ajtha, 1972). The 
CFU-S population  in  the femur and sp leen  recovered  only to  
sub-optim al l e v e l s .  In the femur the recovery was about 20 
to  30 percent o f co n tro l 24 days a f te r  the fou rth  dose and 
t h i s  was m aintained fo r  up to  one year. This sub-optim al 
recovery was even lower when ir r a d ia t io n  was performed w ith  
neutrons (Hendry e t  a l .  1974). In s p ite  o f t h is  p lateau  
the CFO-8 p op u lation  was a c t iv e ly  cy c lin g  as f a s t  as normal 
regen era tion . The ra te  o f  CFU-S recovery a f te r  the fourth  
dose was slow er and the doubling time was lon ger compared to  
the recovery a f te r  a s in g le  dose o f 4 .5  Gy X -rays. However 
when g ra fted  in to  le t h a l ly  ir r a d ia te d  r e c ip ie n ts  the  
doubling tim e was s im ila r  to  u n irrad ia ted  CFU^S but the 
CFU-S from the repeated  4 .5  Gy dose anim als f a i le d  to  
c o lo n iz e  the fem oral marrow o f  the r e c ip ie n ts  to  the same 
l e v e l  as u n irrad ia ted  CFU-S.
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CHAPTER 2
MATERIALS AND METHODS
" ;: Female and male ; ; GDI 1 mice were u se d lio r  most o f the
I .l^ p e r iD ie ilts . v , Fem ^e ÇBÀ/H and C5#BL/ipSoSn7^pla mice were 
. used for* some experim ents where s p e c if ic s % l2  type s  were 
required: . GDI mice were su pp lied  by  ^Charles ;Riyet> U.K and
:i . tbred iri„ the U n iv ers ity  o f S t. Andrews animal house. ‘ CBA/H 
mice were su pp lied  by the M.R.C. R a d io b io lo g ica l I n s t i tu t e ,  
Harwell;: end C57BL/lOSoSn/pla;:mioe^ = sUpplied by Olac 1976
L td ., '  O xfordshire arid both were m aintained "as^iribred sto ck s
in  St,Andrews. . " .
' - '
Mice were kept in  à room w ith  a l i g h t  c y c le  o f 12 hours 
l ig h t  and 12 hours dark a t  a tem perature o f 22 C. Mice were 
fed  w ith  R&M N o.l p e l l e t s  (g%y Whitham, E ssex) and/water 
con ta in in g: 15 ppm of fr e e  ch lo r id e  io n  (K irbychior,
M ild en hall, S u f fo lk ) .  Mice wepe used fo r  the exp êfim ehts a t
f
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an age of 8 to  12 weeks. During the experim ent groups o f 5 
mice were kept in  p r e s t e r i l iz e d  cages w ith  saw dust covering  
the f lo o r  and kept in s id e  a lam inar flow  ca b in e t. Saw dust 
was rep laced  every 3 or 4 day. The co n d itio n  o f  the mice 
was checked everyday. Mice which appeared to  develop  
in f e c t io n  were then k i l l e d .
2 .2  I r r a d ia t io n  treatm ent
Ir r a d ia t io n  treatm ent was performed by u sin g  a Siemens
S ta b ilip a n  x-ray machine (250 KVP, 14 mA and 0.5 mm Cu
f i l t r a t i o n )  in  con ju n ction  w ith  an a p p lic a to r  which gave
20 X 20 cm  ^ of r a d ia t io n  f i e l d .  Farmer dosim eter type
2502/3  (N uclear E n terp rise  L td .) w ith  a thim ble type
io n iz a t io n  chamber was used to  measure the dose r a te .  The
chamber was p laced in  the cen tre  of a wax mouse as a t is s u e
eq u iv a len t phantom. The mean dose r a te  a t  d if f e r e n t
p o s it io n s  in  the ir r a d ia t io n  cage was taken. At 55 .5  cm
-1fo c a l skill distance the dose r a te  was 0 .88  Gy min . Mice were 
ir r a d ia te d  in  groups 10 in  a perspex box, w ith  in d iv id u a l  
r a d ia l ly  d isp osed  compartments.
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2.2.1 In-vitfo Irradiation
A plug of bone marrow was removed by flushing one 
ml of air into bone cavity with a one ml syringe and 23G 
X 1^/4 inch needle. The bone marrow plugs were placed on 
a millipore filter and irradiated on stainless steel 
grid in a petri dish containing medium. The dose rate 
was measured at the position where bone marrow plugs 
were irradiated. H o w e v e r  TLD (the r m o l u m i n e s c e n t  
dosimeter) should be used such as LiF in order to get an 
accurate dose to the bone marrow plugs.
2.3 Haemopoietic cell suspension
Mice were killed by exposing to diethyl ether.
The skin was swabbed with 70 percent alchohol 
before dissecting the tissues out.
t
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2 .3 .1  Mone marrow c e l l  suspension
X,;
The fem urw as d is s e c te d  f r e e  o f-m uscle and fémoyèd by 
cu tt in g  above th e h ip  jo in t  w ith  s c is s o r s  and d is a r t ic u la te d  
a t  the knee j o in t  w ith )a  s c a lp e l:  The adherent m usclés  were
stripped.^ X>f f  and the femur ;;^as  ^ out - below - the. % f l e  s se r  
troch an ter. The femurs were kept in  a p e tr i  d ish  cP htain lng  
cold: F isc h e r 's  médium (Flow L aboratories L td*, S co tla n d ). 
Thé ( marrow c e l l s  were removed by in s e r t in g  a 23,G x  14 • inch  
need le in to , thé in t e r  condylar notch and flu sh ed , w ith  one ml 
o f médium through the bone ca v ity  by usirig a one ml 
tu b ercu lin  ' sy r in g e . To. ^produce a, s in g le  c e l l  supénsion. the.4 ' ‘
medium was then drawn in  and out o f : a 25G x 8 inch  n eed le .
)#
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2 .3 .2  . Spleen c e l l  suspension
M3
V The lo o se  sk in  o f  the l e f t  s id e  of the abdomen was cut 
and the peritoneum w^s then exposed b y 'p u llin g  the cut sk in  
toward th e head and th é t a i l .  T he/sp leen  was removed from 
th e c a v ity  by u sin g  fo rce p s  and s c is s o r s .  The sp leen  was
3
'"-11
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teased  g en tly  in  a p e tr i  d ish  con ta in in g  5 ml medium w ith  
f  orceps and s c a lp e l . The suspension  was Wrawn in  and" out of 
a 5 ;mi syrin ge attached  to  23G x 1 inch  n eed le , fo llow ed  by 
a 23G X tÿ' inch  n eed le . The cellisuspehsion& w as then
separated  from ythe clumps o f d eb ris  by shaking the
suspension  and a llow in g  the clumps to  s e t t l e  fo r  5 m inutes 
before; tr a n sfe r r in g  t h e . su sp e n s io n -in to  another tubei
2 . 3 .3  Normal, per i t  one al: c e l  1  susoe n s i on
the head and the ta il*  By u s in g .a  syrin ge attached  t o  23G x 
1  inch n eed le , 5 ml of, m ediW ÿ w  ^ in je c te d  in to  the  
p er ito n ea l c a v ity . The • peritoneum was massaged fo r  3 
m inutes ard fthen  3 o r  4 ml o f;" flu id  from the ca v ity  - were 
then withdrawn. The f lu id  -/was d iscarded  i f  the need le  
punctured th e /g u t .  The c e l l s  werç pooled and washed once
: ■ ■  ■ ' ISkin covering th e abdomen was in c ise d  and p u lled  toward , i
a t  i bop rpm fo r  10 m inutes (C h ilsp in  F issO n). )
.•9
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2 .3 .4  Thymus, o e i l  suspensio_n
/ The: th o ra x  cage was opened and the thymus lo b e s  were
removed by; u sin g  f in e  fo rce p s  and s c a lp e l and < kept in  a
p e tr i  d ish ^ ;co n ta in in g  fGold,medium. The thymus Ibbes were 
cleaned from adherent bO hnectiye/ t is s u e .  By using  f in e
fo rce p s , the thymus was teased  in to  sm all f r o m e n ts .  A
s in g le  c e l l  suspenbipn:was then obtained by u sin g  â syrin ge  
and 23G x Î  inch n eed le  fo llow ed  by a 23G x 14 n eed le . The 
suspension  was then allow ed to  s e t t l e  fo r  5 m inutes then  
separated from the clumps o f c e l l s .
2 .4  C ell count
A haemocytometer chamber ■ was used to  count c e l l s  in
suspensions o f sp leen , thymus, p er ito n ea l or sheep red blood
: : 5 c e l l s .  The su sp en sion s were d ilu te d  to  g iv e  5-10  x 10
■1c e l l s  ml and a minimum of 200 c e l l s  were counted.
-  64 -
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Bone marrow p e l l s  were o o ü çted : fbÿ u s in g ; la  C oulter 
' Counter Model D (I n d u s tr ia l)  •(C ou lter E le c tro n ic  L td ., 
England) u sin g  th e  fo l lo w in g .s e t t in g s  : Apparturek= 4 mA,
A m plification; i"= 2 and Threshold = 20 i  ^ C e lls  in  suspension
were counted :by resuspending 40 u l of -su sp en sio n ;in to  20 ml 
. o f Iso tp n  (C ou lter E lectrd n ip  L td ., Englar^l/jand^S drbps of 
//Zaponin (C oulter E le c tr o n ic  L td ., England),<we^ ^^  ^ fo r
 ^  ^ ^Âÿsing thé red blood c e l l s ;
a
2 .5  C e ll v ia b i l i t y
‘. ' The v ia b i l i t y  o f c e l l s  fo llo w in g  prep aration  was 
determined by the trypan blue dye e x c lu s io n  (M is h e ll;e t  a l .  
1980) and a c r id ih e  orange-ethidium  bromide methods (Parks e t  
a l .  1979). \
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2 ,5 .1  ' .ïp[mjiL.j)l.ue..dy#_.bXQlMsi.9n
One part o f c e l l  suspension  a t a con cen tra tion  o f 2 -  5' vi ; ■ «.1 ,.y ■ ■ /.X -4 0  c e l l s  ml“ was added to  one part o f trypan /b lue stock  
s o lu t io n . The sto ck  s o lu t io n  o f  trypan blue was prepared by 
m ixing 4 p a rts  o f  0 .2  percent trypan blue (w /v) in  water 
w ith  one part o f 4 .2 5  percent s a lin e  (w/V). ' The c e l l  
suspension  ; was ag ita ted : g e n tly  and kept on icei': The c e l l s  
were Qoun.ted w ith in  3 m inutes by uSing a Haempby tome te r  
chamber. Unstained c e l l s  were scored as v ia b le  c e l l s  and 
sta in ed  c e l l s  a s dead c e l l s .
2.5.2 br.pmid.e..mp.thpd::
sto ck  s o lu t io n  o f a cr id ip e  orange wasrV prepared by 
d is s o lv in g  \15 mg a c r id in e  orange arid 50 mg ethidium  bromide 
in  one ml o f  ,9^;-percent e th a n o l. \ The . s o lu t io n  was then  
' added in to  49 ml d i s t i l l e d  w ater. A fter th é so lu t io n  was 
mixed a liq u o ts  o f one ml were kept a t  - 2 0 ° C, During the  
experim ent, one ml sto ck  a liq u o ts!w ere  d ilu te d  (1 :100) in
■
;siJ ■ -
■■a
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2 .6  S u p e rn a ta n ts  p rep a red  from bone marrow ( c o n d i t io n e d  media)
Bone marrow c e l l s  were suspended a t  a c o n c e n t r a t i o n  o f  
5 X 10^ c e l l s  ml**^  i n  F i s c h e r ' s  medium. Suspension  was 
c e n t r i f u g e d  a t  1000 rpm f o r  10 m inu tes .  S u p e rn a ta n t  f r e e  of 
c e l l s  ( c o n d i t io n e d  media) was th e n  spun a t  3000 rpm f o r  15 
m inu tes  to  remove any f u r t h e r  d e b r i s .  C ondit ioned  media were 
th e n  s t e r i l i z e d  by p a s s in g  s u p e rn a ta n t  th rough  a m i l l i p o r e  
f i l t e r  of d ia m e te r  0 .2  iim and s to r e d  a t  -20°C b e fo re  
being used.
phosphate  b u f fe re d  s a l i n e .  One part of t h i s  s o l u t i o n  was f
th e n  mixed w ith  one p a r t  of c e l l  s u sp e n s io n  a t  a 
c o n c e n t r a t io n  o f  10^ c e l l s  m l~ \  The number of c e l l s  
f l u o r e s c i n g  g reen  and orange were counted by u s in g  a 
haemocytometer chamber and f lu o re s c e n c e  m icroscope . C e l l s  
f l u o r e s c i n g  g reen  were sco red  as  v i a b l e  c e l l s  and c e l l s  
f l u o r e s c i n g  orange were sco red  a s  dead c e l l s .
i
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2 .7  F rab tion àtion  o f  obridibioriéd) à eü ia
Bone marrow c e l l  su ep en sio n s ,o f mice = 7 days fo llo w in g  
4 . 5 )  Gy ; whole /body : X -irrad iation :; were pr epared in  co ld  
sa lin e .v  /lThe c e i l ; ycondentnatiôhrwas a d ju sted  to  5 x 10 - 1  x 
to c e l l s  ml and; then kepfe a t  4 fC on ic e :  Thé ; f i r s t
supernatant' was obtained  by c e n tr ifu g a tio n  a t  tOOO rpm fo r  
10 m inutes, r The p e l l e t s  o f c e l l s  were then resuspehded in  
equal volum es.ôf s a l in e  and fu rth er /in cu b a ted  a t  37°C fo r  3 
hours A second supernatant was then obtained  by 
c e n tr ifu g a tio n  '"hy. tW-; same procedure as the f i r s t  
supernatants ' The supernatants . were pooled as the crude 
ihradiatedf h o n e / marrow ext^  (CBM), "Any d eb ris  was 
renioyed by sp in n in g  a t  4opp%rpm/for. 20 m inutes, The GBME 
was ;)theh fr a c tio n a te d / b u ltra ! f i l t r a t i o n  w ith  Amicon
D ia flb  f  i l t e r  membranes »(D ia f lo  U ltra  :  F i l t e r ,  Lexington  
M assachusetts); ; (Lord e t  a l  . 1976). Fr âb tion  i l l  w ith
m olecular /w e ig h t  30 -  50 K d a lto n s  and « fra c tio n  IV w ith  
m olecular w eight o f 50 -  100 K d a lto n s  were re ta in ed  and
fr e e z e  d ried :
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2 .8  Spleen colony assay
Spleen colony assay was. ; performed according to  the  
method o f T i l l  and McCulloch (1 9 6 1 ). R ecip ien t mice were 
exposed to  8 .2  Gy o f whole to d y  X -ir r a d ia tio n . At t h is  dose
le v e l  no endogenous c o lo n ie s  were observed. . Mice were
'  'warmed by u sing  a-photographic"tray boater and a -60  w atts  
ta b le  lamp fo r  about h a lf  an hour to  d i la t e  the t a i l  v e in s .  
BoneH marrow c e i l s  in  a volume o f t . 2  to  0 .5  ini? were
in traven ou sly  in je c te d  in to  the t a i l  v e in  by using one ml  \ ' 5 '  ^ "
syringe;,;/ahd 25G X é inch n eed le . The dose o f  c e l l s  was
adjusted  - to, produce 10 to  15 b o lor iies  per spiéen> Fori
norm^ : : bo ne mâr row" 4 x 10 c e l l s  were in je c te d . A fter 8
days mice w e r e /k i lle d  and sp leen s/w cre  b iop cied  arid f ix e d  in
.B ou in 's s o lu t io n  fo r  24 hours. C olon ies were counted
im m ediately ^ t e r  f ix a t io n  or a f t e r  /tr a n s fe r  to  70 p ercent
a lchoh ol fo r  24 hours,' b efore  couritingL . A d is s e c t in g
m icroscope was u ied fo r  - counting a t  X:2p m a g n ifica tio n .
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Sx 10 normal 
bone m arrow  ceils
8 days
8.2 Gy x-rays
spleen with nodules
t a .
Figure 2 .8 :  Technique fo r  the production  o f  haem atopoietic
c lo n a l nodules on th e sp leen s  o f  8 .2  Gy whole body 
X -irra d ia ted  mice by in j e c t io n  o f  syn gen eic  bone marrow 
c e l l s .
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2 .9  . t l i g . , g f . . . Æ E PrS. .poW A t lo n Ail,.PM-gynthggi s  }
%  of the CFÜ~S p op u lation  undergoing DNA
^synthesis was measured b y ,u sin g  a su ic id e  ; techn ique. An 
vS“ phase s p e c i f i c  drug dy.toaine arab in osid e (ARÀ-G) (UpJohn) 
was used ( R iches e t  â i . 1981à).
Bone marrow c e l l  suspensions in  F isc h e r 's  medium 
con ta in in g  10 percent; o f horse serum (Flow L aboratories  
Ltd.;. YBcotland) were prepared a t a co n cen tra tion  o f 2 x 10 
1 X 10^ c e i l s  m l " p u p l i c a t e  of one ml a liq u o ts  were 
p ip e tted  in to  10 ml p o lystyren e^ tu b es. in to  p h e '  o f the  
; tu b es, 100 jul o f ARA-C (20 j a g )  was added w h ile  the same
iyoiume of itedium;;was added in to  the con tro l tübe. The 
susi^  n sion  3 wer%?-.' t ^  incubated in  a water . bath - a t  a 
tem perature o f 37%  fo r  60 minutés." A fter  in cu b ation , c e l l s  
suspensions; were« to  a n  ic e  bath and d ilu te d  ? w ith
o o id  : medium. The,CFU-8 numbers were then assaÿéd:lin  groups 
o f 10 to  15 ir r a d ia te d  r e c ip ie n t s ,
.ri"'" -  71 -
tThe percentage o f CFU-S In DNA sy n th e s is  was then  
ca lcu la ted  by& comparing the number o f c o lo n ie s  • in  the  
con tro l sample with* c o lo n ie s , in  the sample theated  w ith  
ARAfC. The standard error of percentage o f CFU^S k i l l e d  by 
ARA-C were c a lc u la te d  by u sin g  the form ula used by Lord e t
K = (C -  t) x 100 
C
Where; C = mean c o lo n ie s  in  the co n tro l sample
T = mean c o lo n ie s  in  the ARA-C trea ted  sample
SE = 1 0 0 ^ 1 .^  + (T/C)2 X SE ^ 
C °
Where; SEc = standard error of. c o lo n ie s  in  the co n tro l 
sample
8E^ = standard error o f  c o lo n ie s  in  the ARA-C 
trea ted  sample ,  ^t;
standard error o f-p ercen tage  o f CFU-S " 
k i l l e d  by ARA-C
SEk i
Vj  r \  ;
7 2  -
ARA-C
Bone marrow 
suspension
Vu-i-y
Control
incubate 
60 min
8 days
O O
6.2 G y-irradia ted  
mice
colony-bearing
spleens
Figure 2 .9 :  ARA-C s u ic id e  technique fo r  th e measurment o f
the p roportion  o f  CFU-S in  a bone marrow c e l l  su sp en sion  
which i s  sy n th e s iz in g  DNA.
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2 .10  Assay of_ c o n d i t io n e d  media (CM) and f r a c t i o n  I I I
The p resen ce  of CFU-S p r o l i f e r a t i o n  s t i m u l a t o r s  in  th e  
CM and f r a c t i o n  I I I  was assayed  a c c o rd in g  to  th e  p ro to c o l  
d e s c r ib e d  by Lord e t  a l .  (1978).  Normal bone marrow c e l l s  
were used as a source  of m inim ally  p r o l i f e r a t i n g  assay  
CFU-S.
The bone marrow c e l l s  o f  i r r a d i a t e d  mice were suspended 
a t  a c o n c e n t r a t i o n  o f  2 -  5 x 10^c e l l s  ml“  ^ and p rep ared  f o r  
th e  p ro d u c t io n  of  c o n d i t io n e d  media ( s e e  s e c t i o n  2 . 6 ) .  The 
CM were assayed  on th e  b a s i s  o f  th e  c e l l  number used i n  th e  
p reparation  ; e . g 0 .5  ml of assay  c e l l s  c o n ta in in g  2 x 10^ 
ml”  ^ mixed w ith  0 .5  ml CM p rep a red  from a s u sp e n s io n  
c o n ta in in g  6 x 10^ c e l l s  ml”  ^ gave a r a t i o  of 1:3  (assay/CM) 
in  c e l l  number. This  has  been d e f in e d  a s  a 75 p e rc e n t  
c o n c e n t r a t i o n  of CM (W right and Lord, 1979).
D u p l ic a te s  o f  0 .5  ml of normal bone marrow s u sp e n s io n
a t  a c o n c e n t r a t i o n  o f  2 x lO ^ c e l l s  ml”*^  were mixed w i th  CM.
— 1For th e  f r a c t i o n  I I I ,  a c o n c e n t r a t i o n  o f  60 Ug ml mixed 
w ith  th e  c e l l s .  The m ix tu re s  were th e n  in c u b a te d  a t  37°C
' : '  '"" * 5 %  ' r ; :  ■•'■^ n-.:'. v -  ' ■," - î ; - ; ^  ' ■ ' .■ -
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fo r  2 hours and th e pereehtage o f CFU-S population  
undergoing DNA sy n th e s is  was determined (s e e  s e c t io n  2 ;9)«
%$
. ..f?
2 .11  Assay, for. ^anulocvj^e^maoroÀâke jpro^^ (Gt^CFC)
G ranulocyte-m acrophage, ;Qplo'ny forming c e l l s  were 
assayed in  semi s o l id  agar w ithï'ï'the a- presence of colony  
stim u la tin g  fa c to r  (CSF) obtaihed  from the mouse
myelomonocytic leukem ia WEHI-3 c e l l  l in e  con d ition ed  media.
Bone marrow c e l l s  were suspended in  the RPMI 1640 
medium (Flow L ab oratories, Scotland) supplemented w ith  20 
percent horse serum, 2 mM Glutamine 6 0  i . u  ml p e n ic i l l i n  
and 50 mg ml.. Streptom ycin. Th^  ^ c p l l  con cen tra tion  was 
adjusted  to  a co n cen tra tio n  o f ; >1 x 10  ^ c e l l s  ml*“^. 3
percent o f B acto-agar (D ifco ) was b o iled  fo r  about 10 
mihuteS b efore being used fo r  the experim ent. One ,m l-^pf 
b p iled  agar iwas added ih tp  8 :ml of medium and fo llow ed  by 
the A d d it io n  o f  one ml c e l l  su spension . The m ixture was
then thoroughly V mixed and a liq u o ts  o f  one ml were
im m ediately d ispensed  in to  35 mm p e tr i  d ish e s  ( S t e r i l in
■ '/I
: ' # q  '....
È c a i l i ï î l
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; L td ., M iddlesex) ooh tà in in g  10,0 o i WEHIL3 con d itio n ed
media; * The. c u ltu r e s  were allow ed to  g e l fo r  #  m inutes and 
incubated a t  3$  Ç " i h  atoidspherê o f a ir  dpn^  ^ 10
percpht COg, C olon ies c o n s is t in g  of more than 50 c e l l s  were 
counted a f te r  days c f  ‘ incubation-by usirig an in v erted  
'  ^ m icrpscope a t  X40J magnif ie s t io r ; .
2 ,1 2  C e ll sep a ra tio n
a i r  fo r  2 hours a t  37^G, Non^ad,hererib7cells in  th e  medium 
were removed by u sing  a pasteur p ip e tte  and the p e tr i  dishCs
‘t,i
2 .1 2 .1   ^ "I
C e ils  wéhe separated  on the b a s is  o f th e ir  d i f f e r e n t ia l  ;
adherehpe p ro p er tie s  to  . p la s t ic  p e tr i  ' d ish e s . A - p e l l  
suspensipn  in  F isc h e r ’s  medium a t a co n cen tra tion  o f  5 x 10  ^
c e l l s  mil" was prepared. - A liq u ots o f  2 ml ^ ;were?pipetted 
in to  .3 5  mm diam eter p e tr i;d is h e s .  C e lls  weretilallowed- to  *
adher*e ,qto p e tr i  d ish e s  in  an atmosphère o f 5 p ercen t CO- in  1
.% a
-v..\
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were washed tw ice by adding fr e sh  medium. The adherent
c e i l s  were removed by scrap ing them o f f  iwith^a rubber
policem an. The c e l l s  were washed tw ice by c e n tr ifu g a tio n
(1000 rpm , 10 m inutes) and resuspended in  F isc h e r ’ s
medium.
2 .1 2  ;2 Bovine, serum, albumin, iBSAJ c e l l  sep a ra tio n
" p iscphtihupus BSA g ra d ie n ts  were used to  fr a c t io n a te  
bone vmartndw -^ c e l l  p op u la tion s (Wright" e t  a l .  : 1981 ; 1982). 
This procedure was used to  sep arate r o s e t t e s .
The ypSS Was used fo r  preparing th e bpyine albumin 
v"'- s o lu t io n  aigmouse osmolar%ty (3j58; mOsiaoiar ; eq u iv a len t to  
.0.168 M NaCl) .  C it was prepared by m ixing th e  fo llo w in g  
s o lu t io n s  1;2l p a r ts  Of 0.;168 M NaCl, 4  pa.rt8 Of 0 .168  M 
yKCl, 3 p a rts  o f 0 .112  M CaCl^, 1 p art o f 0 .168  M MgS^.^HgO 
and one part o f 0 .168  ,M KH^ PO^ .^ %The s o lu t io h  was then
"m,.:
y -i".
f
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s te r i l iz e d ; ,  by p assin g  through a membrane f i l t e r  (0*4,5 hm)
„ BSA (F fa e iio n  V, Sigma L aboratories L td . , Engl And) was 
d isso lv e d  in  / d i s t i l l e d  w ater to  make a 15-20 p ercénjs* (w /v) 
so lu t io n ..  This s o lu t io n  was then d ia ly sed  a g a in s t . ciéiphized
over powder to  remove re s id u a l water,
' 1
%
2 , 12 .2 . 2  Pre p a r a tion o f M A " - ;
d i s t i l l e d  w ater , fo r  48 hours;.at 4 °C. D eionized  d i s t i l l e d  ; >f||3
w ater 'was changed every 6 hours and th e cp n ten ts o f the  
d ia ly s i s  bag were thoroughly mixed;: P re-coo led W ater  was
used and se v e r a l drops o f  chioroform  were a d d e d v  to  q Sach 
change/; o f water to  prevent b a c te r ia l growth (Shortman,
1968). A fter d ia ly s i s  the albumin s o lu t iô n  was passed  
through a membrane f i l t e r  (0 .45  Aim) and fr e e z e /d r ie d .
Albumin was then d ried  fo r  2 days in  a vacuum d e s s ic a to r  '- " : ’ ■ J
1
I
7& —
2 .1 2 .2 }  ^ r Preparatlônÿpf. deiisejBSA sto ck  s o lu t io n
, #took s o lu t io n  a t  35 percent (w/v:) was prepared by 
d is s o lv in g  r 100 gm o f d ia ly sed  dry albumin in  182 ml o f UBSS ,VJ
and 4 ml o f  0 . The dry albumin w as,layered  in  sm all ' . %
amountsf ohtd. l  pO ml of s a l t  s o lu t io n  in  a s e e l  ed con ta in er >^'1
( to  prevent évap oration  ) .  The so lu t io n  was kept at;.4°C and 4
s t ir r e d '  o c c a s io n a lly . The rem aining s a l t  s o lu t io n  was used  
to  remove % albumin . from the f la s k  w a lls .x  The albumin Was 
d issb ly ed  %t^ ^^  The stock  s o lu t io n  was then
stored  at;^20 C b efore being used*
2 .1 2 .2 .4  # fls i tîjg^Qf,:ib,e-g-gAis,9l.uti.Qn
The d e h s it iy  o f th e  so lu t io n  was then^ ca lc u la te d  ffrom 
the formula : d en s ity  = „1.543u -  1.0553 (L e if  and
V inbgrad,1964) where u = r e fr a c t iv e  index. The r e fr a c t iv e  
in d ex  was determ ined by u sing  a refractom eter /(Bellihgbam  
and S ta n le y ,L td .) .
%
'1
:4
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2 .1 2 .2 .5  .PreDara.tlan_of- d isco n tin u o u s BSA g ra d ien ts
The amount o f BSA sto ck  s o lu t io n  required  to  make up a 
known volume o f a s p e c i f i c  d en s ity  was estim ated  by using  
the fo llo w in g  form ula .
X = (A X B) -  B 
C -  1
Where; X = volume o f  BSA stock  (ml).
A = d es ired  d en sity
B = volume o f f in a l  so lu t io n
C = d e n s ity  o f stock  BSA s o lu t io n
The f in a l  d en s ity  o f the s o lu t io n  was checked by u sing  the  
refractom eter.
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A d is c o n t in u o u s  BSA g r a d i e n t  was p rep a red  in  a p l a s t i c  
tube by u s in g  a b en t PaSteur p i p e t t e .  A volume o f 0 .3  ml 
BSA w ith  a d e n s i t y  o f  1 .10 gm cmT^ was used as  a cu sh io n  a t  
th e  bottom o f  th e  tube  ( f i g u r e  2 .1 2 .5  ) .  C e l l s  were
suspended in  2 ml o f  F i s c h e r ’ s medium and g e n t ly  la y e re d  
on to  th e  top  of  th e  d i s c o n t in u o u s  g r a d i e n t s .  The tube  was 
th en  spun a t  4000 rpm f o r  10 m inu tes  ( C h i l s p in  F is s o n )  and 
th e  i n t e r f a c e  p o p u la t io n s  were reco v e re d  and washed 3 t im es 
and resuspended  i n  F i s c h e r ’ s medium.
2 .12  Fo-roc e . t t ln g
2 .12 .1  Sheep red  b lood  c e l l s  (SRBC)
SRBC were o b ta in e d  from St.Andrews s l a u g h t e r  house and 
k ep t i n  A ls e v e r ’s s o l u t i o n  a t  a c o n c e n t r a t i o n  of  50 p e rc e n t  
(w /v ) .  The bu ffy  c o a t  l a y e r  was th e n  removed and SRBC were 
washed 3 tim es  by c e n t r i f u g a t i o n  a t  ,2000 rpm f o r  10 m inu tes  
w ith  A ls e v e r ’ s s o l u t i o n  and s to r e d  a t  4°C b e fo re  u se .  For
"" " \  VF 8 1 - - .
the experim ents, ; SRBC were washed 3 tîm esjw ith  PBS by 
p en tr ifu g a tlo h  (2000 rpm, 10 m inutes) and resuspehded a t  10 
percent (y /y )  in 'M s .  , , :
2 .1 2 , f . iP rétar.at^ iD b f p e r c e h t _  (SRBC) and # p
An cQhal volume o f 10 percent SRBC su sp ën sio h 'was mixed
w ith  SRBC antiserum  (N ordic linmunological L ab oratories,
England) used a t  1:80 d i ld t io h .  The m ixture,W asiincubated
a t  37 C fo r  30 m inutes (P arish  and Haward, 1974). A fter
in cu b ation  the m ixture w asvcentrifuged  a t  2000 rpm fo r  10- ^ ' . - /  . ' ' I,
m inutes and washed once w ith  PBSv  . vThe SRBC coated, w ith
antibody were then  resuspended to  5 percent (v /y )  w ith  PBS.
2 .1 2 .3  Preparatibn  o f P c -r o se tte
\ ,( C e ll : su sp en sion s of bone marrow, sp leen  or p e r ito n e a l  
exudate were prepared a t  c e l l  con cen tration  o f i1 3  F- ,2 x 10? 
c e l l s  ' ml" . EqUial volumes vbf , c b l l  suspension  and 5 percent  
of SRBC-precoated were ro ta ted  oh a v e r t ic a l  r o ta to r  a t 30 
rev min"“J a t 37^0 in  an incubator (P arish  and Haward,
82 -
1974) .
2 .1 2 .4  Counting r os e t t e s
The m ix tu re  of c e l l s  and 5 p e rc e n t  of SRBC p re c o a te d  
an t ib o d y  s u sp e n s io n  were k ep t on ic e  and an a l i q u o t  of 0.1 
ml was added to  0 .4  ml PBS. One drop o f  0 .5  p e rc e n t  crystal 
v i o l e t  was added and mixed g e n t ly .  A f te r  5 m inu tes  the  
numbers o f  w h ite  c e l l s  and r o s e t t e s  were counted  by u s in g  a 
haemocytometer chamber. A r o s e t t e  was sco red  as  a s i n g l e  
w h ite  c e l l  a t t a c h e d  to  5 o r  more sheep e r y th r o c y te s .
2 .1 2 .5
The r o s e t t e s  were s e p a ra te d  from s i n g l e  c e l l s  by u s in g  
BSA d is c o n t in u o u s  g r a d i e n t s .  A liq u o ts  of 0 .5  ml s u sp e n s io n  
were l a y e re d  on to  BSA d e n s i ty  g r a d i e n t s  (1 .0 3  g cm“^ and 1.09 
g cm“^) ( f i g u r e  2 .1 5 .5  ) .  The tube was c e n t r i f u g e d  a t  4000 
rpm fo r  10 m in u tes .  The i n t e r f a c e  p o p u la t io n s  were c o l l e c t e d  
and the  p resen ce  o f  r o s e t t e s  was checked . The i n t e r f a c e
. - H ' , - 'y  ■■■', ' • ■ 1,   - ' . .  ;
' '5 ■ ,
i
pop u lation  b f t 1 ,09  g om"  ^ (more^ than 85 percent are
- . \ .  - '> / '  rosejbtés); t was suspended in  one ml o f hr is -b u ffe r e d  ammonium
sc h lo r id e  to  ly s e  the red blood c e l l s  ( s e c t io n -2 .1 2 .6  ) and
washed tw ice w ith  . medium and : resuspended in  F isc h e r 's
-  ' . , ' . -Vv' -. : medium. > : ^
2 .1 2 .6  Procedure fo r  Ivsing- fe d  blood c e l l s
The p e l l e t  o f c e l l s  was suspended w ith  cne ml 
t r i s - ammohium ch lo r id e  s o lu t io n  (9 p a rts  fhf' .ammonium 
ch lo r id e  0 .16  M p lu s 1 part o f i p . 17 M t r i s  ( oxy< me thy1 
amino methane) ad ju sted  to  pHiT.Z w ith liM HGl (HUdsoh and 
■Hay, 1976) .  A fter  7 m inutes 10 ml cold  medium were added to  
S t  o p ,they treatm en t. C e lls  were spun and washed tw ice .
' .  . ' , ■ ■ v>:, ",
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Suspension _  
1 0 3  g c m ~ l
1 0 9 g c m " l
1 1 1 9cm —
4000  xg 
10 minV
Fc
Fc^y
F igure 2 .1 2 .5 :  Sep aration  o f  r o s e t t e s  w ith  d isco n tin o u s  BSA
g r a d ie n ts .
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2.13  C ompl eme n t  medla-te.d 
2 .13 .1  Thy. 1 .2 ..
Complement dependen t cy to tox ic i ty  was used to  d e p le te  v?
Thy1.2* and Ia-2K^ c e l l s .  C e l ls  c a r ry in g  th e s e  a n t ig e n s
were k i l l e d  w ith  th e  a id  o f  complement by d i r e c t i n g  a n t i s e r a
a g a i n s t  c e l l  s u r f a c e  a n t ig e n s .  The p e rc e n ta g e  of  c e l l s  %:<rÏ
k i l l e d  was de te rm ined  by t ry p a n  b lue  o r  a c r i d in e  e th id ium  
bromide methods. The v i a b l e  c e l l s  were s e p a ra te d  u s in g
d is c o n t in u o u s  BSA g r a d i e n t s  (1 .0 3  g cra~^ and 1.10 g cmT^)
(W right e t  a l .  1981),
0 .5  ml o f  c e l l  su sp e n s io n  a t  a c o n c e n t r a t i o n  2 x 10^ §?
c e l l s  ml”"^  was mixed w ith  0 .5  ml a n t i  Thy 1.2 (M iles '1:
L a b o r a to r ie s  ( 1 : 5  d i l u t i o n )  (M iles  L a b o ra to r ie s  L t d . ) .  f
P re l im in a ry  experim en ts  w ith  thym ocytes showed t h a t  the  
maximal c e l l  k i l l i n g  could  be ach ieved  w ith  t h i s  a n t is e ru m  
c o n c e n t r a t i o n .  The m ix tu re  o f  c e l l s  and a n t i  Thy 1 .2 was 
in c u b a te d  a t  4°C f o r  30 m inu tes .  S u p e rn a ta n t  was removed 
a f t e r  c e n t r i f u g a t i o n  (800 rpm, 10 m inu tes)  and th e  p e l l e t  of
:l;
V;
discarded  and o e i i s  were resu^gended^ in  one Ml low t o x ic i t y
» .
•V
i!:»'
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X, c e l l s  was resuspended in  one ml o f guinea p ig  complement
(1 :10  d ilu t io n )  (W ellcom e/ Reagents L td ., England) and
incubated  fo r  45 m inutés.’ ; • A fter ; in cu b a tio n  c e l l s  were
^ /w a s h e d  once/ and separated* on the B SA .gradients a n d ,f in a lly
/ washed 3 tim es; b efore being suspended in  F isc h e r 's  medium* '
■ / ,  : ' \  ' ..
'■ 2 :1 3 .2  I&-2K o v to l^ s ia  V
. . C e lls  were suspended in  v:RPMI 1640 medium (Flow
L aboratories L td . , Scotland) w ith 25 mM Hepes b u ffer  and 0 ,3  
percent bovine serum albumin. /The; red biopd/ c e l l s  . were
f i r s t  lysed;Wby ; in cu b atin g  t h e : p e l l e t  o f x c e l l s  w ith  one ml
: .ç tr is  ammonium: chloride'' fo r  7 -minutes. The d e l l s  were then
- A- ' ' ' . - ' . ' '-‘/ / y  washed tw ice w ith  cold  medium then resuspended a t  a
, /  con cen tration , o f o f 2 x : 10  ^ c e l l s  mi"^ .^ An a liqdot; o f 500 
/ /  y ^ l  monpolonal a n t i Ia-2k (1 :20  d i lu t io n )  (Cedarlane 
L aboratories L td . , Canada), was added to  500 Ail o f c e l l  
suspension . (P relim inary experim ents showed th a t 1 :4 0 /  
d ilu t io n  of'm onoclonal a n ti la -2 k  could k i l l  40-50 percent i
o f  CBÀ/H sp leen  œ l l ^  . The m ixture was then incubated a t  j
4^C fo r  60 m inutas. A fter  in cu b ation  th e supernat'aht was
■ '1
/  .i
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rab b it complement (1 ;6  d ilu t io n )  (Cedarlane L aboratories  
L td .; Canada) and fu rth er  in cu b ation  was performed a t 37°C 
for  60 m inutes. C e lls  were washed tw ice and resuspended in  
F isc h e r ’ s medium.
2 .14  D irect, ■ immunofluorescence, ,3t-ainlng,_.of Thv 1.2  c e l l s
C e lls  were suspended in  Minimum E sse n tia l Medium (MEM) 
con ta in in g  5  p ercent f e t a l  c a l f  serum, 10 mM Hepes and 0.1 
percent sodium azid e  ^(Wofsy e t  a l .  1980). The c e l l  
co n cen tra tion  was ad ju sted  to  2 x 10  ^ c e l l s  ral”  ^ and
a liq u o ts  o f  0 ,5  ml were cen tr ifu g ed  a t 300 rpm for  7
m inutes. A liq u ots o f 100 u l monoclonal anti-m ouse Thy 1.2  
f lu o r e s c e in  la b e l le d  (New England N uclear, Boston, 
M assachusetts) (1 :100  d i lu t io n )  were added to  the c e l l s  
p e l l e t  and suspended. The suspension  was then incubated on
ic e  for  30 m inutes. A fter in cu b ation  one ml o f f e t a l  c a l f  "
F
serum was added in to  c e l l  suspension  and mixed thoroughly.
The su sp en sion  was cen tr ifu g ed  a t 800 rpm fo r  10 m inutes and 
the p e l l e t  o f  c e l l s  was suspended in  MEM-FGS medium. The '■
c e l l s  were washed tw ice  w ith medium by c e n tr ifu g a t io n  a t 300
I
. .  -, - ■ ■ -■ ;X ■ ■ ■ ■ '■■ ' ■ ■■■' , < ■■■-■ * ■": r,,  ' '
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rpm for 7 minutes.
The pellet of the stained cells was resuspended in a 
small volume of 100 percent fetal calf serum to give a 
concentration of about 1-2 x 10^ cellml” .^
One small drop 10 ul of aliquot was placed on a 
slide and covered with a cover slip, the edge of cover 
slip was sealed with permount. Cells were examined at 
X  5 0 0 m a g n i f i c a t i o n  by using Zeiss fluorescence 
microscope with UV light source, BG3 exiter filter and 
53/44 barrier filters. Cells in aggregate were 
discounted.
2.15 Statistical analysis
The significant test was calculated by using
the f o l l o w i n g  formula (Riches, 1985 personal
communication) : R = ^ S
J s e l ^  + se 2 ^
where :
sel = standard error of group 1
se2 = standard error of group 2
The significance points were then determined from 
the following table:
P 0.1 0.05 0.01 0.001
R 1.64 1.96 2.58 3.29
■; A':-: - ■ .
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CHAPTER 3
RES.UJLTS
:
3.1 cjaang g g , la ,m olbà^tAcL .Qeii..numb.em, aRd.;:.CFVr^ :S.,iiumbe rg..per-Jteiimr
iQllfflwlns. mbr.l e th a l ,d:08 ,bje..LMzjAbi& .body. X -irradi,a .tion
E ic p e r im e n ta l-  pr.Q ag.dar.e
Female CD1 mibe w ere /irra d ia te d  atA theA folibw ing,doses: 
... ' ^  ^ /  
0 ,50  Gy, 0 .7 5  Gy, Î .5 0  Gy and /%,50 "Gy ,p f  ; w hole//bbdy
' ' '■ :A-,4' " / '. . ■ ' rL -AX -ir  radia  tien»  A% dose ra te  . o f 0 .63  Gy min^ * • was u se d /f  or
the exposures o f 0 .5 0  Gy and 0 .75  Gy. For :th e /d o ses  o f  1/50
Gy and 4 .50  Gy a dose ra te  o f 0 .8 8 ,Gy m in ~ A  was u s e d .'T h eA. "
nu cleated  c e l l  number and the CFU-S number in  the femur:were' X. ■ ' A-- ■ ; : ■....  " V ...
. ' -'-A ' : ' . 'assayed a t th e  f o i l  Owing tim es: 30' m inutes,/ 2 ;/ hoUr s , - 4: hours
and 6 hours. - /
AA-f- : 1
vv -.T ' >- •
._1.   '___ A__ i_
.•V ■,
M
;  V-:':
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R esM tf.,
The number o f  n ucleated  c e l l s  in  the femdralj marrow o f  
u n irrad ia ted  GDI mouse waé 14;5+1.2 x 10  ^ ( ta b le  3 .1 à); and 
14.05+1.2 X 10  ^ c e l l s  ( ta b le  :3 .1c and d ) . Follow ing 0.50, Gy 
whole b ody, X -ir r a d ia tio n  the nucleated  c e i l  number was not 
s ig n i f ic a n t ly  a f fe c te d  ( f ig u r e  3 .1 .1 ) .  ‘ At su b - le th a l doses  
o f  j .50  Gy th e  number was reduced to  93+9 p ercent a t 30 
m inutes, but in creased  to  123+20 percent a f te r  2 hours -and 
f e l l  to  88+10 percent a t 6 hours. F o llo w in g -4*50 Gy, the  
n ucleated  c e l l s  were reduced to  82+13 p ercent o f co n tro l 
le v e ls  a t 30 m inutes and fu rth er  decreased to  2 4 + i3 /a t  6 
hours ( f ig u r e  3 .1 .1 ) .  /
The t o t a l  number o f CFU-S in  thé fem oral marrow o f  
normal fem ale GDI mice was 41IO+450 ( tab le^  3 .1 d) and
4214+602 ( ta b le  3 ^ 1c). Follow ing 0;50 Gy the^ m  was
reduced to  94+17 p ercent o f  co n tro l ( P>0 .1 )  when assayed a t 
30 m inutes and 95+22 p ercen t o f co n tro l ( P>0.1) when assayed  
6 hours a f t e r  exposure ( t a b le - 3 .1 a ) .  At 0 .7 5  Gy the number 
o f  CFU-S per femur was reduced to 37+12 : percent a t  30 
minutes and 28+12 percent a t  6 hours. A fter 1/50 Gy the
' V :
A;: — 9 1  — ■ . ' .
CFU-S number was reduced to  26+5 percent a t 30 minute s , 33+9 
percent * a t 2  hours and 23+5 percent a t 6 hours. ; vA fu rth er  
decrease o f  CFU-S per femur was observed when mice ’were 
exp osed /to  a 4 .5 0  Gy d o se , The number o f CFU^Svin/thfe femur 
f e l l  to; 0 .32^ lp i -? 0.34+11 percent o f / c o n tro ls  ( f ig u r e  
3 ^ 1 .2 ) .- .  . ' -A
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Figure 3 .1 .1 .  The percentage o f  nucleated  c e l l s  per femur 
(mean o f  s in g le  experim ents) w ith in  6 hours fo llo w in g
0 .50  Gy ( # f t ) , 1 .50  Gy (■--------■ ) , and 4 .5 0  Gy (A A
) .
Note - the femurs were prepared by removing the 
proximal epiphysis and thus results refer to 
numbers of nucleated cells per femoral shaft.
\  •' • •-►: '»  ••-•':•> ., • • • .. * • - *V"% ..'(;f. / ' . —•■•
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F igure 3 * 1 .2 . The percentage o f  CFU-S per femur (mean 
o f  s in g le  experim ents) w ith in  6 hours fo llo w in g  0 .5  Gy (
e --------• ) ,  0 .7 5  Gy (@-------@ ), 1 .50  Gy (A------- a ) and 4 .50  Gy (
■------- # ) .
Note - the femurs were prepared by removing the 
proximal ephiphysis and thus results refer to 
numbers of CFtJ-S per femoral shaft.
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Table 3.1 a ; The number o f  n u c le a te d -c e lls  and .CFU~S per 
femur Cmean +SEh o f s in g le  experim ents) w ith in  6 hours 
fo llo w in g  0.5b Gÿ whole body*X -irradiaten . . ...
Time a f te r NuCleated c e l I s  , , %  o f CFU-8
ir r a d ia t io n per femur(x10”- ) co n tro l fémur - : . ' " V" conti
(hours)
Control y l4 .5 ± 1 .2 100+12 4212+602 100+14
0 .5 13.8+2.5 98+20 3979+355 \ 7  94+17
2 15.6+0.4 i i i+ 9 3974+848^:^ : ;;94t24
6 14.4+1.3 102+13 4020+677 V §5+22 ■'il
I
"i!
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Table 3 . Tb: The number o f  CFU-S per femur ( mean +8Ê-o f  s in g le
experim ents); w ith in  6 hours fo llo w in g  0 .7 5  Gy o f  whole body 
X -ir r a d ia tio n .
Time a f te r  Ir r a d ia t io n  CFU-S per femur K % o f  co n tro l 
(hours)
Control
0 .50
6
4212+602 
1540+140 
1140+226
100+14.,
37+12
28+12
 m . ■.
'Wr-, i
v: t -  /=  ",.r" ,
— 96 %-
Table 3 .1 c .  The number o f  nucleated  c e l l s  and CFU-S per femur 
(mean +SE o f  s in g le  experim ents) w ith in  6 hours fo llo w in g  I .5  Gy 
o f  whole body X -ir r a d ia tio n .
Time a f te r N ucleated c e l l s % o f CFU-S per , i  o f
ir r a d ia t io n per femur(x10~^) con tro l femur co n tro l
(hoiirs) '■' . ■ ■
Control
%r ; '■ ' 
l i i0 5 + 1 .2 100+12 4212+602 ' 100+14 ; A  
%
rV 0 .5 13 . 11+0.1 93.3+9 1101+131 26+5
, 2 17 . 33+2.6 123 . 3+20 1386+381 33+9 ' " .t-icf'
;
6 12.40+0.6 88.0+10 967+148^ 23+5
■ I
. -
' * ■' ''
#
#
■' à
t v  - - ‘3
^ ' . ./ ' '^ ' ' 'c5ÿ^-
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Table 3 .1 d . The numbers o f  nu cleated  c e l l s  pertfèm uii’ah<àtCFlJ--S
' ' t  " ' 't: ' '. i  ^ '
per femur : ( mean +SE o f  s in g le  experim ents) w itriin  o: -^ hours o f<; ' * ' yThh/ -  ' . - y : '  - . t
4 .5 0  Gy whole body X - ir r a d ia t io n . .
-vcl
.. ^
r  ■ : ,.i.______
Time a f te r  ;■' v" ■ ■ . N ucleated c e l l s % o f  : , CFU-S per ;   ^ \%^  o f  :
ir r a d ia t io n  ' per femur( x10~®) con tro l femur; y co n tro l
(hours) . 'ÎP :
/■.......-..." "' ..  c : .. ■
C ontrol 14 .05+1.2 100+9.4 4110+450 ,1 0 0 + 1 1 :
0 .5 13-60*2 81,9+13 13+4 0.32+10
 ^ -  ■ 84.3+13 14.1+1 "0434+11
6 4 .0+ 2 ' 24.0+13 14.0+1 0.34+11
'''"I
# — --------— ^ ,  -
■i''v
2 The e f f e c t  o f  low d oses o f  whole, body X ^lrradl^tloiL  o n  ■
%
CFU-S numbers inV-tlie: fem oral marrow.
J?xp.erimejgl?jal.. prgo.g-darÆ
Groups, o f  10 fem ale GDI mice were ir r a d ia te d  .at the  
fo llo w in g  doses: 0 .06 Gy, 0^10 Gy and 0*50 Gy,, whbl body
X -ir r a d ia tio n  a t  a dose ra te  o f 0 Gy min The CFU-S i n  the
fem oral marrow was assayed a t one and two weeks a f t e r  exposure
Figure 3 .2  shows th a t the peroentage o f CFU-S per fémur 
a f te r  0 .06 Qy a t  ione. week was 91+24 perfceht^ o f co n tro l 
u n irrad ia ted  mice (P > 0 .1 ). For the mice ir r a d ia te d  a t  0 .10  Gy 
and 0 .50  Gy the numbers o f CFU-S per femur assayed one week a f te r
were 81+15 (p>ô,1) and 66.3+15 (P=0.05) percent o f con tro l
u n irrad ia ted  m ice. ;>•
The number o f  CFU-S per 10^ c e l l s  in je c te d  6B normals bone
marrow was 2 8 . 4+4 .0  land one week a f te r  0 .06  Gy i t  im s-. 33 .0+ 5 .9
- : , ' ' ( p>p. 1 ) and a f te r  ; 0.1:0 Gy i t  was 38il1 + t . 9 ( 0 .0 5^1P>0, 0 1 ) . /
■h i .1
. i > ' \ “..--I
- T : '' ="' ' # '  ■ ’ " f # : "  -"'; ' - : ) - a v  :.r:y" ."/ '.A^r. , /  ^ -' . . - - V ' , ./ ' .'..3:,  y ::!vr
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The numbers of?CF#-8 assayed  in  the seoondv^eek a fter- doses  
0.06 Gy, Ô.10 Gy anà 0 .50  .Gy were not s ig n if ic a n t ly ;  id i f f e r e n t  
from unirradiated^m ioe 6P>P^1) ( ta b le  3 .2 b ) .
,.vtr
M
-  100 -
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Figure 3.2: The percentage of CFU- 8  per femur (mean+8E of single
experiments) at one and two weeks after low doses of whole body 
X-irradiation (HI-— H U 0 .0 6 Gy,o O  0 .1 0 Gy and #--- # 0.50 Gy)
* '  -' r';\  ' ■'' .
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Table; 3 .2 a  and b : The number o f  CFU-8 per 10^ c e l l s  in je c te d  and 
CFU-8 per femur (mean+SE o f  s in g le  experim ents) a t  one and two 
week a f te r  0 .06  Gy, , 0 . 1 0  Gy and 0 .50 Gy o f  wholW; body 
X -ir r a d ia tio n . >
(a ) Week one
   —    — ;   —
" 4 , . c '  ^ . 'V ' VDose (Gy) CFO-8/10^ c e l l s  CFU-8 per femur
in je c te d  ; ( %  o f  co n tro l)
Control 28 .4+ 4 .0  100+14 %
0.06 33 .0+ 4 ,0  91+24
0 .10  3:8vI+ 1 .9  81+15
O.OO 19 .1+ 1 .7  66.3+15
 ■      ----■ -
(b) Week two r
Dose (Gy)  ^ CFU-8/10^ c e l l s  . CFU-8 p e r 'fémur
V in je c te d  (% oÇ cO ntrol)
C ontrol 27.0+2.1  1 0 0 ^  '
0.06 28 .0 + 2 .9  107+23
0 .10  24 ,1+ 3 .5  89+13
0 .50  25 .5 + 2 .9  96+13 1
•:S
Î
‘v’
, '-fTi
■ ■ , ...... -
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3.3 .The. .of-fÆ-giL jaf, .on firarmllàgy^.e
rmagriOiPlMg&IiÆiPlony...forming, fieIlsL^iM^:.CFCl..lii the: fémoral
marrow ■
•S
& im rl m A ta l prooedure .
r. Groups . o f  5 CD] mice were ir r a d ia te d  a t 0.50. Qy dose ,(0 .6 3  
Gy min“  ^ ' dose • r a t e ) . The GM-CFC in  the fem oral marrow were 
assayed by u sin g  the ih?-yitro semi s o l id  agar cu ltu re  system  w ith  
the, presence o f  r WEHI-3 cbnd itiohed  mieclia ( s e e  m a ter ia ls  and 
methods s e c t io n  2 .1 1 ) .  Normal boneHmarrow ce lls" : were? used as 
c o n tr o l. , ., ' '
I
iRggul.ts .>.
Figure 3 .3 .1  shows th a t fo llo w in g  0 .50  Gy whole 4bbdy 
X -ir r a d ia tio n  the number o f  GM-CFC - :per femur was reduced to
14.2+ 1 ,6  -  2 8 . 6+4 .7  percent o f  con tro l le v e ls  between 30 m inutes
to  6 hours.
/ ;
,v%.
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The number of colonies per 10^ cells plated of 
normal bone marrow was 10 4.3_t4.5, consisting of 57.7 
percent of tight colonies, 31 percent of loose colonies 
and 11.3 percent of mixed colonies (table 3.3). The 
number of colonies per 10^ cells plated of bone marrow 
following 0.50 Gy was between 14.8 + 1.1 to 29.8 + 1.5 
(table 3.3). The proportion of colony type was also 
found to change, 80 percent of the colonies were loose 
type and 2 0 percent were tight colonies (figure 3. 3.2),
— 1 04 —
80*
60 ■
3E0)
40"
yÜsO 20 "
0 2 4 6
Time (hours)
Figure 3.3.1: The percentage of GM-CFC per femur (mean+SE of
single experiments) following 0.50 Gy whole body X-irradiation.
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Figure 3 .3 .2 : The proportion of different types of colonies per
10^ cells plated after 0.50 Gy whole body X-irradiation between 
30 minutes to 6 hours.
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Table 3 .3 :  The number;of c o lo n ie s  per 10^' c e l l s  pleated and 
c o lo n ie s  types . (mean+SE) w ith in  6 hours fo llo w in g  0 .50  Gÿ whole 
body X -ir r a d ia tib n . î ' ^
SU
#
Time a f te r C olon ies per 10- Types o f co loh ieb '
ir r a d ia t io n  c e l l s  p la ted  
(hours)
t ig h t  ' lo o s e mixed
Control
0:5
2
6
104,1+4.5  
14.8+1.1  
2 9 ) ^ 1 .5  
Æ 4.1+1.5
.60.2+3,,0\ 3 2 .3 # g ^ 3 lW + % ^  
2.7±0.5^;j2.1+1;:t'^^^^^
3 .0 + 0 .7  26 .7+ 1 .3  -  .
5^^+1.2  i n  9+1.6 ' “ .
,v'
Si
a
1
-:r,r ? ...
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3 .4  Æliair^ sg.p..i A f r pj)Ar j b i i ) j i . Dr8_iiL.MÆ aM tM ijS ig li^ lib #A S . Ipw
;anci.. .of., .whple. .body. Xr irradiatio n;
Ex.p.arim^RtaJ....prp,Q.^dar,a.
3 ,4 .1  . Ikj^niiA^a^jpiLj^ pf _.C F n = ^ p jit# in g %n t0, # jL #p th @ aip ;
f.oii OMing., .ana:: .4:, 50. jG%jjaaaà_iifL3!ÜôïjB^
X-irradiation .
Female GDI mice were ir r a d ia te d  a t 0*50 Gÿ (0 .6 3 . üÿ miü~  ^
dose ra te )  and 4 .5 0  Gy (0 .8 8  Gy min"’  ^ dose ra te ) o f  whole bpdy 
X -ir r a d ia t io n . The percentage o f  CFU-8 in  DNA sy n th e s is  was 
measured a t the fo llo w in g  tim es: 0 ,50  hours, 2 hours^ 4 hours and 
6 hours.
{a
; ;l
...-:' .:K;y. - 'J.' ' '-Vf / :., ... '■ ■ ■ : " .' ' . ,. ■
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3 .4 .2  The peroentàge o f  GÉU-S from the fém oral marrow o f  GDI and;
.($À/H # &  in  DN^Æ3^h|^ijg: a[£fcfe^;^50^ J[^ ^
Female GDI miôe and male CBA/H mice, were ir r a d ia te d  a t  0 ,50  
Gy (0 ,6 3  Gy. min~  ^ dose ra te ) and 1.50 Gy (0 .8 8  Gÿ min~^ dosé 
r a te ) .  The percentage o f  CPU-8 in  DNA sy n th e s is  was measured a t  
30 minutes a f te r  exposure,.
3 .4 .3  The dose resp on se curve o f  ^IFU-8>entering in to  DNA: J^yhthesis
Jat- 2 . .hoUEg-.Ansl. .6, .af,,t.er
Female GD1 m ice.^ erè ir r a d ia te d  a t  the v-fpliowing dôseéV 0 .50|i 
Gy, 0 .7 5  Gy, T.50 Gy and 4 .5 0  Gÿ and the percentage :6:^  ^CFUT8: in
DNA sy n th e s is  measured a t 2 hours and 6 hours a f t e r  exposure. '
3
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Table 3 .4 a : The . percentage o f femoral CFU-S in  DNA sy n th e s is
(niean+SE • o f  s ih g leyexp erim en ts) w ith in  6 hours fo llo w in g  0 .50  Gy 
o f  whole body X -ir r a d ia tio n .  ^ '
Time a f te r
ir r a d ia t io n
(hours)
CFU-8 per 10^ % CFU-8 in  DNA sÿ n th es ié '
c e l l s  in je c te d
Control
0 .5
2
4
6
3 4 .6+ 2 .8
-25.0+3.0
2 6.2+2 .0
24 .0+ 2 .0
22 .4+ 2 .6
j.' .-,
10.3+2.2
37 .0+ 7 .0
43 .9+ 11 .2
23 .3+ 9 .9
14.8+8.1
..üi— .
'X. -
I:
'
L i
' .L . a
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Table 3 . 4b: The percentage o f fem oral CFU.^ S in  DNA sy n th e s is
(4iean+SÈ‘ o f s in g le  experim ents) w ith in  6 hours fo llo w in g  4 .50  Gy 
o f  whole body X -ir r a d ia tio n .
Time a f te r  ' CFU-8 per 10^ % CFU-8 in  DNA sy n th e s is
ir r a d ia t io n c e l l s  in je c te d
(hours)
Control 154.0+16.0 15.4+2.1
0 .5 6 .5 + 2 .0 12.5+10
2 7 .0 ± 0 .5 6.0+11
4 " - 7 .0+ 1î.0‘ 0+18 ,
6 7 .0 + 0 .5 34.0+14
J
6 b r  - . ; .  .. ' - ' -\S ,. ' -% '■ .
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Table 3 .4 g : The percentage o f  femoràl;CFÜ-8 in  DNA s y n th e s is .-v\ ' ' "i " -■ -.i' '•+ ' ■' :-L. - <
.  ^  %  ;  - \  . - '  . .  .
; (meantSË o f  s in g le  experim ents) o f  CDl'mide and CBA/H mice '3 0— . , ,, : ; ' - f . ■. ■
minutes a f te r  0 .5 0  Gy whole body X -ir r a d ia tio n .
Mouse
S tra in
-r-
.GDI
: CFU-8 per 10 ^  W % CFU-8 in  D N A Ïsÿnthàis
\ . ,n '■ ■; ' ;
; - c e l l s  in  j e s te d  V
3
t  medium + ARA-C
•L - t -■ À
Control 3 4 .3+2 .8
0 .5 0 %  25 .4+ 1 .8
3 0 . 2+3 .0
16 .0+ 1 .4
12:4+1.3
3 7 . 0+7.1
CBA/H 
Control 
0.50  Gy
2 2.7+2,0
2 2 .7+5 .8
2 0 . 8+3 .9  
10 ,6+ 1 .8
8.4+14.8'
53.3+26.7
■Ai -  :
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Table 3 .4d: The percentage o f  femoral CFÜ-S in, DNA sy n th e s is
(mea.n+SE o f  s in g le  experim ents) o f  GDI m icé-and CBA/H mice 30 
m inutes a f te r  1 .50 Gy whole body X -ir r a d ia tio n .
Mouse , CFU-8 per 10^
s tr a in  c e l l s  in je c te d
+ medium + ARA-C .
CBA/H 
Control 
1.50 Gy
% CFU-8 in  DNA sy n th e s is
GDI
Control 242+14 
1,50 Gy . 34 .0 + 3 .8
176+18
4 3 .7+ 4 .9
224+18
3 4 .7+ 3 .2
148+10
3 5 .2+ 5 .7
7 .4 + 9 ,2
-2 .1 + 1 4 ,9
15.9+10.3
19.5+15.9
i
a
' ,  J
"a
-  1 1 3  -
60n
5 0 “
«*«o
r S  4 0 -
Ê
c
3  § 20
“c
§
oCL 1 0 -
632 41 5
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Figure 3.4.1: Percentage of femoral CFÜ-S in DNA synthesis
(mean+SE of single experiments) following 0.50 Gy of whole body 
X-irradiation.
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Figure 3.4.2: Percentage of femoral CFU- 8  in DNA synthesis
(mean+SE of single experiments) following 4.50 Gy of whole body 
X-irradiation.
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Figure 3.4.3: Percentage of femoral CFU- 8  in DNA synthesis
(mean+SE of single experiments) 2 hours following 0.10 Gy, 0.50 
Gy, 1.50 Gy and 4.50 Gy.
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Figure 3.4.4; Percentage of femoral CFU-8 in DNA synthesis 
(mean+SE of single experiments) 6 hours following 0.50 Gy, 0.75 
Gy, 1.50 Gy and 4.50 Gy.
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Results
The percentage of CPU-S in DNA synthesis was increased 
to 37.0 + 7.0 percent at 30 minutes and 43.9+11.2 percent at 
two hours after 0.50 Gy whole body X-irradiation (figure 
3.4,1). However, the percentage decreased to 23.3 + 9.9, percent 
at 4 hours and returned to control levels after 6 hours 
(14.8+8.1 percent). The n umber of CFU-S per 10^ cells 
injected was decreased to 65-76 percent of control (table 
3.4a).
At sub-lethal dose of 4.50 Gy, the CFU-S population did 
not enter into DNA synthesis until 6 hours. The percentage of 
CFU-S in DNA synthesis was the same as control levels between 
30 minutes to 4 hours after exposure. After 6 hours the 
percentage of CFU-S in DNA synthesis increased to 34.0+14.0 
percent (table 3.4b). The proportion of CFU-S in DNA 
synthesis measured two hours after exposure to whole body X- 
irradiation was increased and reached 30-50 percent at a dose 
of upto 0.50 Gy. Above this dose the proportion was at 
control levels (figure 3.4.3). At 6 hours after 0.75 Gy,
1.5 Gy and 4.5 Gy doses the percentage of CFU-S in DNA
'1synthesis was increased to 30-40 percent (figure 3.4.4). . ^
The CBA/H mice exhibited the same response as CDl mice 
after 0.50 Gy and 1.50 Gy whole body X-irradiation (table
4:-'}3. 4 c & d ). Both strains showed fast triggering into DNA 
synthesis at 3 0 minutes after exposure to the 0,5 0 Gy. The 
percentage of CFU-S in DNA synthesis was 53.3+26.7 for CBA/H 
mice and 37.0 + 7.1 for CDl mice (table 3.4c). -
;
    ^   _ :  ^ '   % '. \  ....
, . _ . % ' Y  '■ ■'• >' A '  - \  '  ' '  ■ ■ ' ' ' ..
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3.5 CMng.es.,.j-À j>ropjpfMPA..Pf_fFUr& in. PNA.gyjQÂJiêglg-.af
ln-.yltr.Q.. lrmdla.U.<ani
Experlmehtal prooedure.
ii-Bone marrow plugs were p laced on 4  m iilipbr*e f i l t e r  and 
ir r a d ia te d  onik  s t a in le s s  s t e e l  g r id  in  a pktni^'dish C,;cphtaini;^  
medium a t 0 .5 0  Gy or 4;.50 Gy do se s  ( diagram 1 ) .  A fter  
ir r a d ia t io n  the pliifes wdre incubated  ih  an incubator a t 379c w ith  
an air, p lus 10 p ercent CO^  atmosphere. A fter  2 hbùrë or 6 hours 
in cu b ation  the bone marrow plugs were broken up in to  s in g le  .c e l l  
su sp en sion s ! and the percentage o f OFU-S in:DNA sy n th e s is  was 
measured. j; - ■;
Jlsg.ul.te.f
The number o f CFU-S, in  the plug o f :bpnè marrow was decreased' i- . \--y. ' W 1
when L incubated =. fo r  the , lon ger I p er io d s. A fter  two ch ou rs  '' . '' ' ... / .  ^ + 
in cu b ation , the number o f  c o lo n ie s  per i 0 ^ -d e lls  in je c te d  was
.2 5 .0 ^ ,-0  and a f te r  6 hours incubation: the numberiwas de creased: to
The proportion  o f  CFUrS in  (DÈA, s^
in creased  a f t e r  two hours and ; six^ hours incubat io n  in - v i t r o .  /  
F ollow ing ir r a d ia t io n  a t  0 .5 0  Gy; dose to  th e^ plug o f  bone^-mkrrowr
.,r i;
“v'+
s a S s m s i m m S m . , .  ; ' ■ -
; .
'. I t
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and 2 hour in cu b ation , th e 'p ro p o rtio n  o f ÇFU-S in  DNÀrsy n th e s is  
was increased: to  27+13«S p ercen t, A s im ila r  in cr ea se  was
observed when th e  plug o f  bone marrow was exposed to  4 ;5 Gy and 
incubated fo r  6 hours ( ta b le  3 .5 ) ;
■}
C?
i '-i
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Bone marro Plug Medium
Petri d ish  Millipore filter 
S tain less
I grid
Diagram 1 ; Irradiation of bone marrow plugs in-vitro,
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Table 3 .5 :  Percentage o f CFU-S in  DNA s y n th e s is  (mean+SE o f
s in g le  experim ents) a f t e r  ir r a d ia t io n  in - v i t r o .
Dose o f  Time a f t e r  CFU-S per 10® % CFU-S in  DNA
ir r a d ia t io n  in cu b a tio n  c e l l s  in je c te d  sy n th e s is
(hours) + medium + ARA-C
C ontrol 
0 .5 0  Gy
C ontrol 
4 .50  Gy
250±20 
157+20
210+35
115+15
3 .5+ 16 .1
27+13.3
167 .5+ 27 .5  155+27.5 7-5+16
1 5 .3 + 1 .9  10 .2+ 1 .3  33 .8+ 10 .0
;ï
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3 .6  The je ffec t o f  su p e iM ta n t. a n d ifra o tio n  III_J^30_ .r. 5QK-)._gM
bone marrow o f  ir r a d ia te d  mioe.Æ^dav8 a f t e r  4,5.0. Gv,v3
Æü?.eriiae,n.tal..! prMgMrje.à
CM prepared from the bone marrow o f  * ir r a d ia te d  Ëipe 7 days 
a f te r  4 .5 0  Gÿ and the 30 -  5Q%AmlGori fra c tio n , I I I  , o f  CM were 
prepared as d escrib ed  in  the m a ter ia ls  and methods s e c t io n . The 
presence o f  létim ulator o f  CFU-8 p r o life r a t io n  in  the CM f and 
fr a c t io n  I I I  were te s te d  by in cu b atin g  w ith  normal bone marrow 
fo r  2 hours a t  37^C and measuring the percentage o f  CFU-S:in DNA 
s y n th e s is .  . » ‘ /
Incubation  o f  normal bone marrow w ith  CM prepared from bone 
.v .  / ' . r ' y /
marrow from ir r a d ia te d  mice 7 days post 4 .5 0  Gy in creased  the
percentage o f  CFU-S in  DNA s y n th e s is  from l e s s  than 10 p ercent to
30 p ercen t. A s im ila r  in cr ea se  was also; observed when Amicon
f r a c t io n  I I I  (30 -  60 ng ml” ) > incubated  w ith , noriaial bone
marrow ( f ig u r e  3 * 6 .1 ) .  The number of, CFU-S :per:;.yiO c e l l s
in je c te d  was s l ig h t ly  in creased  : a f t e r  in cu b ation  with"flmicon
fr a c t io n  I I I  but not s ig n i f ic a n t ly  (P> 6 .1 ) .  *
-T-
m --:;
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Table 3 .6 f  Thé percentage o f  CPU-8 from normal bone marrow in  DNA 
sy n th e s is  (mean+SE of; s in g le  experim ents) la fM  incu b atin g  w ith  
30 yug ml“  ^ and 60 ng ral"  ^ bfW fraction ï ï i : j4 /5 0  Gÿ bone inàpRow*
"if'
Coricehtratiph . C olon ies per 10^ %  CFU-S in  DNA sy n th e s is
o f  fr a c t io n  
(jüg ml"1)
c e l l s  in je c te dI 4' :.. ' "
Normal borie 
.marrow
30 "
60  -
18.6+2.0
■ 'A:'
2 2 .0+2 .8  
'2 1 . 0+1 .8  X
3%2+9,.0- . , ' 
: A a + 8 X 7
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Û
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Figure 3 .6 .1 :  The e f f e c t  o f  th e  30 -  50k Amicon fr a c t io n  I I I  from
4 .5 0  Gy day 7 bone marrow on CFÜ-S p r o li f e r a t io n .
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3.7  The e f f e c t  o f  s t im u la t o r  on CFU-S o f  mi.c_e_J.rradiated a t  1.50 _Gy
Female GDI mice were i r r a d i a t e d  w ith  a 1.50 Gy dose and 
a bone marrow c e l l  s u sp e n s io n  was p repared  30 m inu tes  a f t e r  
exposure . C e l l s  were washed once w ith  F i s c h e r ’ s medium and 
spun down a t  1000 rpm fo r  10 m inu tes  and resuspended  w ith  
CM of bone marrow or 30 -  50K Amicon f r a c t i o n  I I I  and
in c u b a te d  f o r  2 hours  a t  37°C. The p e rce n tag e  o f  CFU-S in  
DMA s y n th e s i s  was than  measured by ARA-C s u i c i d e  teohn ique(  
see  m a te r i a l s  and methods s e c t i o n  2 . 9 ) .
■EaaïU-tjg..,..
The p e rc e n ta g e  o f  CFU-S in  DNA s y n th e s i s  from bone 
marrow 30 m inu tes  a f t e r  1.50 Gy was l e s s  th a n  10 p e rc e n t  
( t a b l e  3 . 7 ) .  In c u b a t io n  w ith  CM from bone marrow 4 .50  Gy (7 
days p o s t  i r r a d i a t i o n )  o r  medium f o r  two hours  however d id  
no t in c r e a s e  the  p r o p o r t io n  o f  CFU-S i n  DNA s y n th e s i s .  
Table 3 .7  shows t h a t  th e  p e rce n tag e  o f  CFU-S in  DNA 
s y n th e s i s  from normal bone marrow was 32.3+16.0  and CFU-S 
from 1.50 Gy bone marrow was 6 .25+ 33 .2 .
;sft
^  ^ \.t ' ' ;+ . ; : : :'
,  ■ . / ■ ; ; ■
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Table 3 .7 :  The percentage o f  tCFU-S* in  DNA sy n th es is;  ( m'ean+SE
o f s in g le  experim ents) 4-frpm normal bone marrow 
* marrow ir r a d ia te d  mice a t  1 .50 Gy a f te r  incubat i^ iW ith  CR
from bone marrow ir r a d ia te d  mice a t 4 .50  .Gy,
:
. :K'
Experiment \CFq-g per 10^ ■ $ # W s  in ; # A  y Z 
. ■ c e l l s  in je c te d  : W s y n th e s is
.a
;
. M
v |«Ii
1
1 :
m%n / '  : ' - - 244+28 13^1+16.6 '
' ' *
\1. V’- .  '.' r / :i\
1
y J
N M ;i CM 4 ,50 Gy bm - 220+32 32.3+16vQ>. ■ '
1 .50 Gy + CM 4 .50  Gy bm 12.8+ 4 .0 , 6 ,25+ 33 .2
■'.f ■
; , y ^ ; f  2 " ‘i.
X: ' . 242+14 7 .4 + 9 .2  ;
'S' . : 4
1 .5 0 ,Gy + medium 17-0+1.5 14.1+10 I .' - ’
..'S
s  S
1.50 Gy + CM 4♦50 Gy bm- • 12 .1+ 1 .8 5 .8+ 17 ,5 '.t
i t
:i
•Î
■ ,'f
,. I
../a
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3,8 .Ttie. J2rÆggJio.g-.or■ a. ..s.tlmuiatDr.. .of.. CFD-8 p roliferation  Üx-Jt?gjie
fflarr.Qw. .Qf. at., l ow or @!iübTl.e.thal._dp&é^ _ pf...
whol g-Mdy. Xrirradieitian ,
JËkpgiLüaejDW.. jp^
Female GDI mice were ir r a d ia te d  a t 0 .50  Gy or 4 .5 0  Gy o f  
whole body X -ir r a d ia t io n  and the cond itioned  media from bone 
marrow were prepared a t the fo llo w in g  time: 30 m inutes, 2 hours
and 6 hours a f t e r •exposure. The presence o f a stim u la to r  in  CM 
were te s te d  by in cu b atin g  w ith  normal bone marrow for, 2 hours and 
the percentage o f  CFU-S in  DNA sy n th e s is  was measured.
JRe&ults.,
Incubation  o f  normal bone marrow CM w ith  normal bone marrow 
did not in crea se  the proportion  o f  CFU-S in  DNA sy n th e s is  ( ta b le  
3 .8 a ) .  Follow ing 0 .50  Gy whole body X -ir r a d ia tio n  the stim u la to r  
o f CFU-S p r o li f e r a t io n  was presen t in  CM prepared 2 hours a f te r  
exposure but not a t 6 hours a f t e r .  Table 3 .8 a  shows th a t the  
percentage o f CFU-S in  DNA s y n th e s is  o f  normal bone marrow was 
in creased  to  53 .4 + 7 .9  percent a f te r  incubating  w ith  CM prepared
\  . -  128 -  /  ^ .
at 2 hours a ftb r ,0 v 5 0  Gy dosew ' ; 4^?
F o llo w in g r  the 4 .50  Gy w hole body X -ir r a d ia t io n  dose, the; 
stim ulator:; was found in  CM fromlbphe'marrOw a t 6 hours a f te r  
exposure, Thd percentage;;of CFU-S in  DNA sy n th e s is  from hh'rmÆ 
bone marrow wâb inchêased  from 9 .g+ 2;0  t o  3 2 .6 + 1 .0  p ercent a f t e r  
in cu b ation  w ith  50 pehdeht qbncdhtrations tof CM from bône marrow
4.50  Gy dose prepared =a t 6 hours. However in cu b ation  w ith  75 to  
80 percent CM prepared 30 m inutes to 4 hours a f t e r  
not in crea se  the proportion  o f  CFU-S from normal boheKmàrrôw in  
DNA sy n th e s is  ( s e e  ta b le  3  ^8 b ). * ' '
. - ' I
a
1
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Table 3 .8a : The e f f e c t  ô f  CM prepared : from bone marrow from
ir r a d ia te d  mice, a t  0 .50  Gy whole body X -ir r a d ia t io n  on CFU-S 
p r o life r a t io n .
, . .. prTime a f te r  C oncentration  CFU-S per 10^
ir r a d ia t io n  o f  CM (%) 
(hours) 1
c e l l s  in je c te d
 ^ CFU-S-Hn DNA 
sy n th e s is
Nbm
2
6 .
75 /
75
29 .6+2.2  , 
2 9 .^ ;^ .* .;  t  
2 9 .5+ 2 .9
8 , 1+10 ,.Q 
5 3 .4+ 7 .9  
9,6+270
K m  æ
.V. ’’ i-
- : A \
/'7''
iïS SS aS SÉ îïîÏÆ iiJiS I
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Table 3 «8b: The e f f e c t  o f CM prepared from bone marrow from
ir r a d ia te d  mice a t 4 .5 0  Gy whole body X -ir r a d ia t io n  on ;CEU-S 
p r o life r a t io n .
Time a f te r  
ir r a d ia t io n  
* (hours)
C oncentration  
o f  CM ( % )  '
KCFU-S per 10^
-, :c e l l s  in je c te d
% CFU-S in  DNÂ 
! sy n th e s is
• •
4- Nbm - - 25 .0+ 1 .0 6 .4 + 2 .9
0 .5 75 24 .6+ 2 .6 î{9.a+12.0
'* 2 80 24.6+ 2 ,6 7 .0+ 14 .0
4 : 86 24 .2+ 2 .0 8 .2+ 14 .0
6 50 27 . 0+2 .5 32^Ô+Ï.0
" -V
:V ; 't /  _ : . '
..............._r___________
, S : , ■ ■.' r-:  ■
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.p jn o lifcfa tion .
Expèrlm éiitàl procedure.
. TCGF w as'p rb v id ed h y  Dr.Jacob (Cambridge) and PEC-CM were 
prepared b y-in cu b atin g  the p er ito n ea l exudate c e l l s ^ in F i s c h e r ’ s
• t  ' ,  ■ ,  '  ^  6 '  . « V ^  ”
 ^ .. '. . . : v /7medium for  3 hours ( s e e  m a ter ia ls  arid methods s e c t io n  ;2 .3 .3  ) ,
V.
TCGF in .  volumes o f  1 .5  ml was incubated  With ohé ml o f normal- . ' r .Vf-. '. / ■ ' - . . .  - /. • 6 ' '' 1 ■ bone marrow c e l l s  a t  à co p o en tra tio n  o f;5  x  10 c e lls fm l"  fo r  2
hours a t 37^C. A n-aliquot o f 0 .5  ml^.of PEC-CM ( 'prepared atj a
' ■ • • "k; . f . 77' " ;7 ■ -c e l l  con cen tra tion  o f  9 x TO c e l l  ml" ) was incubated  w ith  0 .50
ml o f 3 X 1ôf;7cells  ml“  ^ for  2 hours a t  37°C. The percentage o f
CFU-S . in  DNA sy n th e s is  was measured a è  the end period, o f
in cu b ation  (se e  m a ter ia ls  and methods s e c t io n  2 .9 ) .  '
 ______________ /  ' . '  ' ' ....................... . f / f  ' %
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Table 3*9a: The e f f e c t  o f  TCGF on GFU-S p r b life r a t io h .
j,. - ^ _ - ,  ^ ’7;- ”  '  - "  ■
Experiment C olon ies per 10^ 7 $ CFU+8 ihrDN^ s y n th e s is..7 . )
. c e l l s  in jec te d : ' 7-
1
Nbm
Nbm + TCGF
27 .1+ 2 .7
32 .4+ 2 .3
-0.0+11.4 , ;v:
24 .6+ 11 .8  '
Nbm
Nbm + TCGF
2 0.6+1.8  
2 0.6+1.8
19,4+11.2
11.7+11.7
3
Nbm
Nbm + TCGF
31 .4 + 2 .4  
'34^ 8+ 2 .2  ,
13.4+11.1
17.4+8.6
- _,n. . - :yr. _ .
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Table 3 .9b : The e f f e c t  o f  PEC-CM on the CPU+S p r o li fe r a t io n .
Experiment C olon ies per 10^ |  CFü-S in  DNA sy n th es is '
c e l l s  in je c te d
1
Nbm
Nbm + PEC-CM
31.6+ 2 .4  
24 .1 + 2 .2
13.3+11.0
13.4+10.9
2
Nbm
Nbm + PECrCM
3 4 .6 + 2 .8
2 3 .4 + 3 .8
10.0+11.2  
12.4+24.6
'f.
'' f Vil
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Experiment 1 ( ta b le  3 .9 a )  shows th a t a s ig n i f ic a n t  in c r e a se  
o f  CFU-S in  DNA s y n th e s is  from normal bone marrow a f t e r  2 hours 
incubated  w ith  TCGF. The percentage o f CFU-S in  DNA s y n th e s is  
was in crea sed  from O .O + n .4  to  2 4 .6 + 1 1 .8  p ercen t. However in  
rep ea t experim ents no e f f e c t  on CFU-S p r o l i f e r a t io n  was 
observed . In experim ent 1 ( ta b le  3 .9 a ) ,  the number o f CFU-S per 
10 c e l l s  in je c te d  d id  in c r e a se  ( P 0.1 --) but not in  experim ent
2 ( ta b le  3 .9 a ) ,
Incubation  o f  PEC-CM w ith  normal bone marrow a t a 
co n cen tra tio n  o f  75 p ercent has no e f f e c t  on the CFU-S 
p r o l i f e r a t io n .  However the number o f  CFU-S per 10^ c e l l s  
in je c te d  decreased  to  68 -  76 p ercent as compared to  normal bone 
marrow incubated  w ith  medium ( 0 .0 5 > P > 0 .01 ),
7: : ; V \  4  : _ ' \ ^  '
;).'. -^ 77yAg|:%'iT, iy.:y '^ ;:' ' '  ' h  ■ ■• .-■' ■ ■'. ■ , k    :,'■ - . '
-  1 3 5 '-
3 .10  Cjiarjagb.9rl#ig. b f ..sM m la tp ra W  o e l i s t H;
Expérimental procédure.
3.10.1 Jkdioregist.antL .eeil population,
M ce were ir r a d ia te d  a t 9 .0  Gy whole body X -ir r a d ia tio n  and 
CM from bone marrow were prepared a t one, tw o, th ree  and f iv e  
days a f te r  exposure. The presence o f stim u la tor  in  CM,;was then  
t e s te d  by in cu b atin g  % ith normal bone marrow and measuring the  
percentage o f CFU-S iri DNA s y n th e s is .
GBA/H mice were; Irra d ia ted  a t 4 .50  Gy whole s  body 
X -ir r a d ia tio n  and 7^  days a fte r :  the Thy 1 c e l l s  and Ia+2k* 
c e l l s  in  bone marrowJwere e lim in ated  (s e e  m a ter ia ls  and methods 
s e c t io n  2 .1 3 .1  and 2 .1 3 .2 ) .  The Pc"*" C e lls  were obtained by 
separating , the r o s e t t e s  from s in g le  c e l l e  ; by u sin g  d isco n tin u o u s
 ^ . . V ''  ___
" 136, -
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BS g ra d ien ts  ( s e e  m a ter ia ls  and methods s e o t io n  2 .1 2 .5 ) ,  A fter  
treatm ent ; th e bone marrow c e l l s  were then incubated fo r  3 hours  
and prepared fo r  CM, The presence o f stim u la to r  was than te s te d  
by incubating w ith  normal bone marrow. The proportion  o f  Thy 1V2"*" 
c e l l s ,  Fo’*' c e l l s  and Ia-2k'*' c e l l s  were a lso  estim ated .
J
• . 1 ,
'-Wx\
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Table 3 .10a : The e f f e c t  o f CM from bbnermarrow o f imiW
a t 9 .0  Gy whole body X -lr r a d ia t io n  on CFU-S /p r o l ifé r a t io n
. ,  - - ,  .. ' ^  ' / -  f ( meantSE o f  s in g le  experim ents) 4 ., •  ^ 4V
■-r’
rS in  DNA"Time a f te r  C oncentration  CFU-S per 10^" : 7 \  ' ' ' ' y . - '-"0- ^
d e l l s  in je c te d  ' ; sy n th e s isir r a d ia t io n  , o f  CM (jlj
(day)
Nbm
1
3
5
•vs-
67
67
67
24.4+ 2 ,0
24..0+2.0:
2870+2.8
b o .W .2
i -
■ / ,  . 7\4i12V0
3 7 . 5+7 .8
3 3 . 6+9 . 8;“, 4 9 . 6+9 .9
1 'VI -/îÆ!
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Û
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2o 2 0 -
c(Uu
1
Time (Days)
F igure 3» 10: The e f f e c t  of CM from bone marrow of mice 1 to  5
days post 9 .0  Gy whole body X -ir r a d ia t io n  on CRJ-S p r o l i f e r a t io n .
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Table 3 .10b; The e f f e c t  qf CM from A .50/ Gy bone marrow 
on CFU-S: p r o li f e r a t io n  (mean+SE'ôf s in g le ^ ekpefeinfénts^.
1 . 2“)
■■■■■a
Experiment C olon ies perlO^ 
c e l l s  in je c te d
CFü-S ih  DNA sy n th e s is
1
Nbm 26 .0+ 1 .8
Nbm + Thy 1 .2 “ CM 2 1 .0 + 1 .8  
•2 ■ % \
Nbm 26 .8+ 2 .3
Nbm + Thy 1.2" CM 2 0 .8 + 1 ,9
11 . 5+897 -
31.1+5.1  /
6 . 7 + 1 0 .A
26.0+ 13 .0
.r '^- 1' -% n:r
:v,:
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Table 3>1,0c;/" o f Fc"^  arid Fq“ o f CM o f 4 .50  %Cy bone
y:..
marrow on CFU-S p r o li f e r a t io n  (mean+SE/6f s in g le  exp erim eiits). .
Experiment
1
Nbm
Nbm + Fc^ CM
>^v-2
Nbih
■■V :
-a:::
Nbm + Fc" CM
::r
Nbm + Fo+ CM
- -V'-
3
Nbm
Nbm + Fo~ CM 
Nbm + ;Fg‘‘‘ CM
C olon ies per 10^ % CFU-S in  DNA sy n th e s is
c e l l s  ir ijec ted
24 .9+ 2 .4
23 .3+ 2 .6
32 .0+ 2 .3
33 .0+ 3 .2
32 .4+ 3 .2
35 .5+ 2 .4
3 2 . 0+2.1
3 0 .0 + 0 .9
■
;^v .
■+rr^ +---
-  r\§ 5 .9 + ii: .3  
M . 5+3.2
X'
8 . 0+9.6 
2 ,2+12.6 
26 , 4+9.0
! V'
i 13:vQ+7.6 
/  1 0 .4+ 8 .8  
35j.0±6.4
'"if ' ' ifeiiS
!I\!-i
i
— 1 A l~
;aTable 3.10d: The effect of CBA/H-CM and C57BL10-CM of 4.50 Gy#
marrow on CFU-S proliferation (mean+SE of single experiments).
Experiment Colonies per 10^
cells injected
% CFU-S in DNA synthesis
1
Nbm 21.6+2.4 16.6+13.1
Nbm + CBA/H-CM 2 3.6+2.6 14.4+13.3
Nbm + C57BL10-CM 29.4+2.2 29.3+7.5
2
Nbm ' 20.0+2.2 18.0+12.7
Nbm + CBA/H-CM 23.6+1.4 9.3+11.5
Nbm + C57BL10-CM 18.4+2.4 38.0+11.1
.3
Nbm 21.8+2.6 12.4+12.3
Nbm + CBA/H-CM 20.2+2.2 0.0+14.6
4
Nbm 21.6+2.4 17.0+11.9
Nbm + C57BL10-CM 20.2+2.4 3 0.3+15.3
CBA/H -CM - conditioned media of bone marrow of CBA/H (la-2k‘^
prepared after cytolysis of Ia-2k'^ cells.
C57BL10-CM - conditioned media of bone marrow of C57BL10 (Ia-2b)| 
prepared after incubation with anti Ia-2k and compliment.
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1The number o f  n u clea ted  c e l l s  in  fem oral marrow was reduced ■^
to  15+9 p ercent o f  c o n tr o l one day a f te r  9 .0  Gy whole body |
X - ir r a d ia t io n . I t  was fu r th er  decreased  to  1.5+8 and 1.1+8  
percent o f c o n tro l 3 and 5 days a f t e r .  The stim u la to r  o f CFU-S 
p r o li f e r a t io n  was p resen t in  bone marrow one to  f iv e  days a f te r  
ir r a d ia t io n . The p rop ortion  o f CFU-S in  DNA s y n th e s is  o f normal 
bone marrow in crea sed  to  about 3 3 .6 + 9 .8  -  4 9 .6 + 9 .9  p ercen t a f te r  
2 hours in cu b a tio n  w ith  CM from bone marrow from ir r a d ia te d  mice 
a t 9 .0  Gy one to  f i v e  days p ost ir r a d ia t io n  Cfigure 3 1 0  )
R egenerating bone marrow 7 days p ost 4 .5 0  Gy whole body 
X -ir r a d ia t io n  co n ta in s  o f  2 .3 + 1 .0  p ercen t o f Thy 1.2^  t  3 4 .0 + 2 .0  
p ercent o f Fc'*' and 3+0.6 p ercen t o f Ia-2k ’‘" c e l l s .  E lim in a tio n  o f  
Thy 1 .2*  p op u la tion  by complement m ediated c y t o ly s i s  d id  not 
a f f e c t  the ca p a c ity  o f  reg en era tin g  bone marrow to  produce the  
CFU-S p r o li f e r a t io n  s t im u la to r . The number o f  CFU-S per 10^ 
c e l l s  in je c te d  was decreased  a f t e r  in cu b a tio n  w ith  CM o f  bone 
marrow c e l l s  o f  Thy 1 .2 “ ( ta b le  3 .1 0 b ) . t
I
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E lim in ation  o f  Ta-2k* c e l l  p op u lation  however did  a f f e c t  the  
capa;city o f  regen eratin g  ■ bone marrow to  produce s tim u la to r . 
Table 3 .1 pd# shows th a t the CM from regeneratin g  bone marrow o f  
CBA/H prepared a f t e r +èpmpiemen,jb - mediated c y t o iy s i s  q f>  Ia-2k  
c e l l s  did not change the proportion  Of CFU-8 normal bone marrow 
in  DNA s y n th e s is .  However the CM of;-C57BL/10ScSh/01a (la#2bj) did  
in cr ea se  the . percentage ; o f  CFU-S in  DNA s y n th e s iè .to  about 
29 .3+ 7 .5  -  38.0+1/1:1 percent ( ta b le  3 .1 0 d ) . ■ " # -  '
C e lls  th a t formed r o s e t te s  w ith  s e n s it iz e d  èrythroC ÿtès were 
s im ila r ly  a c t iv e  in  producing the stim u la to r  which in creased  the  
proportion  o f CFU-S from normal bone marrow in  DNA synthesis^ from  
l e s s  than 10 p ercent to  30 p ercen t. Media? prepared/fW m the  
n o n -ro se tte  forming fr a c t io n  were hot stim u la tory  to  CFU-S . i
p r o life r a t io n ;  2 hours- in cu b a tio n  w ith  th ese  media a t 67 percent ^|
con cen tra tion  did  nOt in cr ea se  the proportion  o f  ' CFU-S? i n " DNA' 
sy n th e s is  w hich 'rem ained/at 10 p ercen t ( ta b le  3*1 Oct). .
'';\;y/ + '  -V j: " 1 ' y+R ,;;;' ' *" ' - '  -/vy:' 1  . . '  :>!',. '
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The CFU-S p op u lation  in  bone marrdw;, or sp leen  was :;:t'- . : ' ' 4 /î:
capable o f  recoverin g  to  normal l e v e l s  by ab ou tcA  /w eeks •
a f t e r  su b - le th a l dose o f  whole body  ^X -ir r a d ia t io n  ( Guzman -.
and L ajtha, 1970; Hendry and Lajtha^ 1972). However there  
are a lso  rep o rts  \showing th a t  the CFU-S numbers unable to . '
recover to  normal l e v e l s  .a fte r  a S in g le  , s u b - le th a l dose - 
^(Carsten and Sond 1979; G ov e lli:a n d  M e ta lli  1973i: P ro iza t e t  
a l .  1979) .  F u r t h e r m o r e / i n exposèd: to  0 ,70  Gy/day for  
a period  o f  49 days (Wu and Lajthaj, 1975) and repeated  
ir r a d ia t io n  ( Hehdry and L ajth a , 197 2) th e CFU-S,popnletiOn
‘ ■ JÛ! Y': ' . ... %in  femur and sp leen  recovered  only  to  sub-optim al l e v e ls ;
: : \  1#
• *■ ' . .   ^ *' / ' ' i . . > ’ ".y îL"-"'Y : . I
4 .1 .Th%. j ?ecokor%.ÂfLi:fUrj3. pèPAü..atlo.iiipI whble., ho # 2)& iriadj^j^bn jY '  ^ . ' ' '-/r I
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R ecently S ch o fie ld  and Dexter (1982) reported  th a t the 
CFU-S number in  fem oral marrow "of BDFt mlde' d i^ h o t  rap id ly  
recover to  normal le v e l  a f t e r  exposure to  a dose, Of 095 Gy. 
The number of/CFU-S per femur was shown to  decrease to /ab ou t  
60 percent o f c o n tr o l v a lu e s . The post ir r a d ia t io n  dip was 
a lso  observed between t  to  3 days a f te r  ir r a d ia t io n , whereby 
th e CFU-S number was fu rth er  decreased t o  about 30 to  40 
percent o f  normal l e v e l s .  The mechanism o f / t h e  i s
unknown. However i t  has been p o stu la ted  t h a t / i t  may be 
r e s u lt  from a d ir e c t  e f f e c t  Of r a d ia t io n  on CFU-S 
d iffe r e n t^ a tio n /‘+ ( L ah iri e t  a l .  1970) or from a normal 
removal o f CFU-S;by d if f e r e n t ia t io n  a t  :hOrmal ra te  ; during  
p eriod  o f  m ito t ic  delay ‘^sd’t e r i  ir r a d ia t io n  (W  e t  al*  
1975) .  ' A s im ila r  d ip  a lso  been observed when u n irrad ia ted
CFU-S were' tran sp lan ted  in to  le t h a l ly  - ir r a d ia te d  
r e c ip ie n t s .  Hendry and Lord (1983) su ggested  th a t th is  was 
due to  the h e tero g en e ity  in  se lf-r e n e w a l ca p a c ity  o f  CFU+S 
in  which .CFU-S w ith  low se lf-r e n e w a l cap acity  w i l l  be l o s t  
due to  . the demand o f  d i f f e r e n t ia t io n  and pnly fr a c t io n  o f  
CFU-S w ith  high se lf -r e n e w a l w i l l  recover.
%
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In t h is  work w ith  the same dose le v e l  as S ch o fie ld  and 
Dexter (1 9 8 2 ), the GDI mouse s tr a in  did not e x h ib it  Relayed  
recovery . The number o f  CFU-S in  the femur did not change 
markedly: fo llo w in g  0&5 Gy dose but à t.A  su b -le th a ly d p se  o f
4 .5  Gy the e f f e c t  wàis the same as reported  b y /H end ry-; and- 
L ajtha, (1972) and a lso  no d if fe r e n c e s  were observed between 
ÇD1 and CBA/H mOuse s t r a in s .  However the d e p le t io n  o f  
GM-CFC in  femur fo llo w in g  0 .5  Gy in  t h i s  work was s im ila r  to  
th a t observed by S c h o fie ld  and D exter (1 9 8 2 ). '
The seed in g  e f f ic ie n c y  o f  CFU-S post 0 .5  Gy hOwever was 
not measured in  S ch o fie ld  and D exter*s (1982) wOrk* The 
c o r r e c tio n  fo r  the change o f  s e e d in g / e f f ic ie n c y ;  i s  very  
im portant in  Measuring the recovery o f  CFU-8 in  ab so lu te  
numbers a f t e r  ir r a d ia t io n . The seed in g ; e f f ic ie n c y  was 
reported  reduced when mice were trea ted  w ith  Vàrious 
c y to to x ic  agen ts such as : endotoxin , V in b la stin e  and 
s u b - le th a l ir r a d ia t io n -(F r e d  and Smith, 1968). Furthermore 
Necas (1981.) showed th a t the riûmber o f CFU-S per femur f was 
decreased a f t e r  a s in g le  dbse o f hydroxyurea; However When 
the numbers were corrected  fo r  the change o f  seed in g  
e f f ic ie n c y  i t  was shown th a t an over shoot occurs a f t e r  18
:.\î-
''V'
-r'-
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to  20 hours*V. ^t" tHo other time In te r v a l thé Tj^eejdihg
e f f ic ie n c y  o f  CFU^S w as:not changed . s ig n i f ic a n t ly * Howeyer 
treatm ent w ith  a s i n g l e ' dose o f co ld h ic in e  the seed in g
e f f ic ie n c y  was not chhnged s ig n i f ic a n t ly  (N ecas, 1981).
. ' - ,   ^ - , . , 5 i » ” :  .
' f ■' , '■ •,r;x,- ' X-- , ,Furthermore Mohette and De M eilo (1979) h a v e-s  th a t
the seed in g  e f f ic ie n c y  o f  c y c lin g  CFU-S’ was decreased - to'' ' . ' -  ^ ' T ' " '.L '
about 50 p ercent as compared iib hon-.cy61 in g  - CFU:^ 8. f  
t h is  o b serv a tio n  i^as not d o n siste n t the-1 expérim enté
reported  by Dumenil e t  a l ; \ (1984)* They have shown th a t no 
, d if fe r e n c e  between the seed in g  e f f ic ie n c y  o f q u e iscen t CFU-S. 'ç(- ..A ■ ; \from normêi; bone marrow and c y c lin g  CFU-8 a f te r  ARA-C
treatm ent. Furthermpre G id a li e t  a l .  (1974) reported  th a t,
; ' - ''' - - ÿ . . .'.V. . . ' ' ;. p er ip h era l CFU--8 were d escrib ed  to  be in  c y c le  but th e ir  
Seeding = e f f io ie n c y  iwas h igher than CFU-8 o f  normal bone 
marrow. Seeding e f f ic ie n c y  o f CFU-S induced in to  c y c le  
in - v i t r o  w ith in te r ie u k in -3  a lso  was reported  unchanged as
compared tp lh d h -o y c lin g  CFU-S (Garland and Crompton, 1-983).
___
- . r':-- •. -, '
The .pro longation  o f  CFU-S recovery foliowing;;Qy!^ C5y
dose in  S ch o fie ld  and D e x te r 's ; (1 9 8 2 ):dxperim ents be?v.,
due to  ' the: e f f e c t  of^^radiation- p h ii^ e  CPU^S p op u la tion  arid 
a ls o  on the m icroenvironm ent. T h e se !e ffe c ts  were shown by
r'"A. .
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Hendry and L a j th a  (1970) when r e p e a te d  whole body 
X - i r r a d i a t i o n  was perform ed bu t no t a f t e r  a s in g l e  dose . 
The r a t e  o f  CFU-S reco v e ry  fo l lo w in g  r e p e a te d  doses was 
found low er than  a f t e r  a s i n g l e  dose . When the  CFU-S from 
r e p e a te d ly  i r r a d i a t e d  mice were t r a n s p l a n t e d  i n t o  l e t h a l l y  
i r r a d i a t e d  r e c i p i e n t s  they  only c o lo n iz e  th e  femur a t  the  
su b -o p t im a l  l e v e l .  However th e  r a t e  o f  growth was th e  same 
as th e  u n i r r a d i a t e d  CFU-S.
The m icroenvironm ent of th e  fem ora l marrow has been 
shown to  be more r a d i o r e s i s t a n c e  th an  th e  CFU-S which a re  
c o n ta in e d  i n  th e  marrow (C ham berlin  e t  a l .  1974; F re id  e t  
a l .  1976 ) .  The in f lu e n c e  o f  the  CFU-S m icroenvironm ent on 
p r o l i f e r a t i o n  o f  CFU-S cou ld  be assayed  by im p lan t in g  a 
femur under i n t o  subcu tenous  t i s s u e  and a f t e r  s ix  weeks the  
numbers o f  CFU-S i n  th e  femur were e s t im a te d  (F re id  e t  a l .
1976 ) .  In  mice i r r a d i a t e d  a t  5 .0  Gy o r l e s s ,  th e  
m icroenvironm ent f o r  CFU-S p r o l i f e r a t i o n  was found 
unchanged. At t h i s  dose more than  99 p e r c e n t  o f  CFU-S were 
k i l l e d  (C ham berlin  e t  a l .  1974). F urtherm ore  Cham berlin  e t  
a l .  (1974) d em o n s tra ted  th a t  a f t e r  10 Gy exposure the  
s trom a i n  the  femur s t i l l  su p p o r ted  r e p o p u la t io n  and 
reco v e ry  o f  CFU-S number to  1/3 o f  g r a f t e d  c o n t r o l  femur
Ç-. , ,. , . .. I \y. .... . '  ^../ ' Y '' ' %..'-: - V ' ' ;i4y  ^ '
.... -("
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le v e ls  ensued. ,.r"
In s tu d ie s  u sin g  long  t é rm bone: %rrow .p u #
s e n s i t iv i t y  o f  adherent la y e r s  to  r a d ia t io n ver
the  
8*  ^ - ' -i.f» '■n -‘> \ .' . fto  be in c o n s is te n t  w ith  these, findings;*!- For example b ex terf " ' •' ‘ •' « 7.' ' ' ' -» . - >■ ? '•■ -ÿ /  . r.' '^3 ; : vS.;.
e t  a l .  ( 1978) reported  th a t the a b i l i t y  o f  a d h eren t:layers
to  support CFU-S growth was dim inished when exposed to  0 .2 5  '
Gy and, destroyed  when ir ra d ia ted - a t  0 .5  Gy dose. The .43
e f f e c t s  on , the adherent layers- however have not been-
d etec ted  a t  a m orphological l e v e l  and they^presum ^
r e f l e c t  a s e n s i t iv e  component "pf ic e i l  interfacltions (D exter
,et a l .  1978) .  , In o ther experim ehts h ep o r te i by Mori e t
a l .  (1981 )ffshown th a t th e CFU-S in  bone marrow cu ltu re  were
a b le  to  recover as in -v iv o  fo llp w in g  exposure to  the dose
between 0 .5  Gy to  3 .6  Gy o f  X -ir r a d ia tio n .
«Î3 3
I
Moreover Dexter e t  a l .  (1978) a ls o  reported  th a t thex;'..adherent la y e r s  produced from bone>m^ o f  m ice :irra d ia ted  
a t  6-7 Gy grow poorly and to  be d e f ic ie n t  in  fa t  '^ c e lls ,  
e n d o th e lia l c e l l s  and - not supporting the growth o f  CFU-S. 
Howeyer t h is  con th asts  to^r the - ob servatiP h  ‘o f  Song and 
Quensenberry (1 9 8 4 )Î they have shown th a t the adherent c e l l s  
from mice ir r a d ia te d  24 hour's p rev iou sly  : a t  10 Gy dose
. '.I. ■ r
.3 1
150
capab le o f  supporting  CFU-8 and GM-CFC c e l l s  d erived  from 
the non-adherent c e l l s  o f  o ther long terra marrow c u ltu r e s .  
T v f o  typ es o f  c e l l s  were shown to e s ta b l is h  in  the adherent 
la y e r s  when bone marrow c e l l s  o f mice ir r a d ia te d  a t  10 Gy 
were cu ltu red . They are a macrophage l i k e  c e l l  and 
e p ith e lo id  l i k e  c e l l .
Furthermore D exter e t  a l .  1979 a lso  rep orted  th a t bone 
marrow o f  rep ea ted ly  ir r a d ia te d  mice a ls o  f a i l e d  to  
e s t a b l i s h  adherent la y e r s  and th e  CFU-S p op u la tion  
obtained  from rep ea ted ly  ir r a d ia te d  mice d id  not su rv iv e  
long on a normal u n irra d ia te d  adherent la y e r  (D exter e t  a l .  
1979).
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4.2 CFUr.S.. hPt.er.ogfi,Aei.tx-jM . M . T jegulat.or_faj3.Lor8.,
The CFU-S p o p u la tio n  has been shown to  be a 
heterogenous p o p u la tio n  in  re sp e c t to  s e lf -r e n e w a l ca p a c ity  
(Worton e t  a l .  1969; S c h o fie ld  and L ajth a , 1974; S c h o fie ld  
e t  a l .  1980) ( s e e  s e c t io n  1 .1 .8 ) .  Furthermore i t  was 
su ggested  by S c h o fie ld  (1978) and Rosendaal e t  a l .  (1979) 
th a t the CFU-S p o p u la tio n  i s  organized  on the b a s is  o f  an 
age s tr u c tu r e  in  which young CFU-S w ith  high s e lf -r e n e w a l  
capacity ' during subsequent d iv is io n s  produced o ldeh  CFU-S 
w ith  d ecrea sin g  s e lf -r e n e w a l ca p a c ity  and in c r e a s in g  
d if f e r e n t ia t io n  p o t e n t ia l .
The sp leen  colony assay i s  an o p era tio n a l assay  to  
d e te c t  c e l l s  which can form c o lo n ie s  on the sp leen  o f  
l e t h a l ly  ir r a d ia te d  m ice. During the tr a n sp la n ta tio n  o f  
bone marrow c e l l s  in to  a l e t h a l ly  ir r a d ia te d  r e c ip ie n t ,  the  
CFU-S w ith d if f e r e n t  s e lf -r e n e w a l ca p a c ity  are randomly
seeded in to  th e sp le e n . Some o f th ese  c e l l s  could not not %
reach the sp leen  but s e t t l e d  in  o ther haem opoietic t i s s u e  
such as bone marrow and some might be l o s t  due to  seed in g  in  
an u n su ita b le  environm ent or due to  term inal
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d i f f e r e n t ia t io n .  Some o f the c o lo n ie s  e s ta b lis h e d  by low  
s e I f-ren ew a l p o te n t ia l  CFU-S w i l l  thus run out o f  stem
c e l l s .
The sp leen  colony assay can be performed between 7 to  
14 days. Most o f the sp le e n  c o lo n ie s  observed a t  7 to  9 days 
c o n s is te d  predom inantly o f  reco g n iza b le  ery th rob lasts(C u rry  
and T ren tin , 1967) and the c o lo n ie s  observed a t 14 days I
conta ined  c e l l s  o f  more than one c e l l  l i n e  (S im in ov itch  e t  
a l .  1964). I t  has been su ggested  th a t th e ch aracter  o f
sp le e n  c o lo n ie s  from u n i l in e a l  a t e a r ly  tim es was 'i
transform ed in to  mixed c o lo n ie s  la t e r  due to  the lo c a l  
o p era tion  o f  in s t r u c t iv e  d i f f e r e n t ia t iv e  s ig n a l in  the  
s p le n ic  environment (Curry and T ren tin , 1967).
R ecently  t h is  su g g e stio n  has been q u estio n ed  and shown 
not to  be true fo r  a l l  the c o lo n ie s .  M agli e t  a l .  (1982)
showed th a t not a l l  the c o lo n ie s  observed a t  7 or 8 days
remained a t  10 to  12 d ays. On the b a s is  o f  lo n g itu d in a l  
s tu d ie s  between 7 to  12 days they have shown th a t there were 
th ree types o f  c o lo n ie s :  tr a n s ie n t ,  p e r s is te n t  and delayed
in  appearance. Most o f the 7or 8 days c o lo n ie s  c o n s is te d  
predom inantly o f  reco g n iza b le  e r y th r o b la s ts  and lacked
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committed p rogen itor  c e l l s  whereas most o f 11 or 12 days 
c o lo n ie s  are m u lt i l in e a l  and contained  committed p rogen itor  
c e l l s .  H alf o f  the c o lo n ie s  v i s ib l e  on day 7 or 8 would be
v i s ib l e  on day 10 or 12 and o n e-th ird  o f  the c o lo n ie s
v i s ib l e  on day 10 had v i s i b l e  an teced en ts on day 7 or 8 .  
They concluded th a t the sp leen  colony assay  measures 
p lu r ip o te n t ia l c e l l s  capable o f e x ten s iv e  p r o li f e r a t io n  only  
when c o lo n ie s  are scored a t  the la t e r  time p o in ts . Wright
e t  a l .  (1985) however su ggested  th a t Magli e t  a l .  (1982)
ob serv a tio n s are com patib le w ith  an age s tru c tu re  o f CFU-S 
p op u lation  in  which o ld er  CFU-S are assayed as day 7 CFU-S 
and younger CFU-S w ith  high se lf-r e n e w a l cap acity  ' are 
d etec ted  when sp leen  c o lo n ie s  are scored a t  la t e r  tim es.
The p r o l i f e r a t iv e  r a te  of^  CFU-S from normal or 
regen eratin g  marrow measured by ARA-C or ^HTDR su ic id e  
technique however show no d if fe r e n c e s  between v e lu e s  assayed  
a t day 7 or day 12. The percentage o f  CFU-S in  DNA 
sy n th e s is  o f  normal bone marrow was about 10 p ercent and fo r  
regen era tin g  CFU-S the percentage are about 30 to  40 percent 
(Wright e t  a l .  1 9 85 ). However Chertkov and D rize (1984) 
showed th a t the s u ic id e  value o f CFU-S from su b r le th a lly  
ir r a d ia te d  mice assayed a t  7 days were d if fe r e n t  from the
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one assayed a t 11 days. A high proportion  o f  CFU-8 were 
shown to  be k i l l e d  by 8 - phase o y to to x ie  agents ^Whèn;assayed  
a t  7 days w h ile  on ly  a low k i l l  was .observed a t  day 11. 
T his value was however obtained  from- an in - v iv o . .s u ic id e  
method only and the su ic id e  va lu es  fo r  GFU^ 'S from normal 
bone marrow assayed a t  7 days and 11 days^ were not 
measured.
Chertkov and D ^ ize'(1984) a lso  showed th a t th e /y a lu e  o f  
in -v iv o  and in - v i t r o  s u ic id e  o f CFU-S from- le th a l ly
ir r a d ia te d  mice r e c o n s t itu te d  w ith  syn gen eic bone marrow 
d p iIs  Scored a t  7 or 11 days are the same. In Chertkov and 
D rize (1984) study the number, o f CFU-S observed per -sp leen  
for  both Ï the in -v iv o  and in - v it r o  su ic id e ; ] o f  : CFU-S from  
le th a l ly ;" ir r a d ia te d  mice r e c o n s titu te d  w ith ;Syngeneic bone 
marrow c e i l s  scored  a t  la t e r  tim es w as H alf o f  ^the numbër o f  
CFU-S observed a t 7 days. On the other hand Wright e t  a l .  
(1985) reported  th a t th ere Was no s ig n i f ic a n t  d if f e r e n t  
between th e  number o f  coldniesT pbserved at;;7 dhyS;or 12 days 
both fo r  CFU-S from normal bone  ^marrow or hegehohating bo ne 
marrow fo llo w in g  X -irrad ia tiO n .
I
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The response o f CEU-S; assayed a t 7 days aiid 12 days 
post tra n sp la n ta tio n  to  ; t h e . d if fe r e n t  ' concentratioh^4'"df .1. 
in h ib ito r  and stim u la to r  o f CFU-S p r o l i f e r a t io n  was stu d ied  
by Wright e t  a l .  ( 1985) ; if They have: shown # a t  day 12 CFU^S 
o f normal bone marrow wehe l e s s  s e n s i t iv e  to  stim u la to r  than 
day 7 or day 10 CFU-S. Oh th efp th er  hand the in h ib i t o r  was 
shown more e f f e c t iv e  againstx4ay i2i:CFU-S'than day:37 CFU-S.: '
'.-.r t  i - .  ' • X.'?
These o b serva tion  are com patib le w ith  an â g e -s tr u c tu r e  - in  
the CFU-S compartment in  which there i s  a continuum o f  f o e i l s  
w ith  d ecreasin g  c a p a c it ie s  fo r  se lf-r e n e w a l and ; in p reâsin g  < 
fo r  d if f e r e n t ia t io n  ( Heilman e t  a l .  1978). . % :
"A'
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The proportion  o f  CFU-S in  the medullary c a v ity  6 f  JJ|
normal CD1, CBA/H and C 57B L /10ScSn/01à#ice k ille d ;  by .ARA-C , '"j
treatm ent was about 0 to  15 p ercen t. This value was s im ila r  ?]
to  th ose reported  e a r l ie r  by Becker e t  a i;  (1965) and Lord . - fA
e t  a l .  (1974) u s in g  ^HTDR. A high k i l l  o f  CFU-S from f '' % c M
normal bone marrow was reported  by Necas e t  a l i .( 1 9 8 l) .  This- 
might be due to  the p h y s io lo g ic a l changes o f  the house whidh^ ^^ A ' . ; J
in cr ea se  the proportion  o f  CFU-S in-DNA sy n th e s is ;  " ' 'i
In normal steady s ta t e  the CFU-S p opulation  in  y normal . ’ '1#
bone marrow was su ggested  to  be out o f the c e l l  c y c le  and in
a 'r e s t in g  s t a t e  c a l le d  the Go s ta te  (L ajth a , 1979). :/;<
The in h ib ito r  and stim u la to r  o f  CFU-S proliferaitiO n  
were shown to  a ct as an o n /o f f  sw itch  o f  p r o l i f e r a t io n  ;'  ^
(Lord, 1 9 7 9 ) T h efrstim u lator was capable o f  inducing: 
q u iescen t CFU-S in to  DNA sy n th e s is  w ith in  about a 
h alf-an -h ou r in cu b a tio n . For the in h ib ito r  i t  . Vaà-:;showhj3- 
th a t a minimun th resh o ld  dose fo r  e f f e c t iv e  i% ib i t ib n '  
v a r ie s  in v e r se ly  w ith the duration  o f  exposure to  the
. - .  ^ . .. '. y . .-x "<v,
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in h ib ito r .  Lord e t  a l .  ( 197:9) su ggested  th a t there are two 
p o s i b i l i t i e s  th a t the ih h ib ito r  ex er t i t s  e f f e c t  op CFU-S a t  
the th resh old  d ose. The f i r s t  i s  th a t the i s
e f f e c t i v e  only a t the ea r ly  part o f ; the G1 phase and t h is  
perm its the G1 c e l l s  to  progress normally in to  S,-phase and 
th ere fo re  prevents an immediate ob servation  o f  in h ib it io n .  
As the dose o f  in h ib ito r  i s  in creased  th e - e f f e c t  % o f  
in h ib ito r  i s  extended throughput the G1-phase and to  the  
G1-S boundary, t h i s  w i l l  e f f e c t iv e ly  b lock  thé entry o f  
c e l l s  inter the S-phase and thus r e s u lt  in  immediate 
in h ib it io n .  The second su g g estio n  i s  th a t the*threshold  
dose o f  in h ib ito r  i s  e f f e c t iv e  in  the ear ly  ;G2 period  which 
a llo w s the a f fe c te d  c e l l s  to  cpntinhe their% prpgressgtcR the  
end o f the c e l l  c y c le .  The in h ib it io n  th ere fo re  is ; n o t  seen  
u n t i l  th is  tim e has e la p sed . > Higher doses o f  in h ib ito r  
a f f e c t  la t e r  G2 c e l l s  which r e s u lt s  in  an ea r ly  re c o g n itio n  
o f  the block;
The lo c a t io n ,  o f  the p o s it io n  o f Go fo r  CFU-S in  the  
c e l l  c y c le  was su ggested  t o y  occur at-, th r e e  ip o s s ib le  
jlo ca tio n s: a t  the boundary o f  G1 j ea r ly  Gi ofothe-boundary
o f G2TM by Lord -(1 9 8 1 ) . By using  d if f é r e n t ;  in cu b ation
com binations o f  in h ib ito r  to  induce Go b lock , v in b la s t ih e  to. y - y  , 4^'-' '
: -
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produce " 'm itotic b lock  and stim u la to r  to  re s tim u la te  tjbe 
CFU-8 in to  c e i l  c y c le  Lord; (1981) has shown th a t the Go 
p o s it io n  i s  e i th e r  betweenAthe^^l ana 8 - phase o f the c e l l  
c y c le ip r -a t  the: end or l a t t e r  phri o f th e . G1-phase. y
I t  was su ggested  th a t  in  , the in -v ivo ; is itu a tid n  the  
s t a t e  o f  CFU-S p r o li f e r a t io n  was determined b y ;th e  balance  
between the - l e v e l s  o f  in h ib ito r 'a n d  stim u la to r  presen t in  
the lo c a l  environment (Lord e t  a l .  1977; Wright e t  a l .
1977). In in - v i t r o  experim ents i t  was shown th a t the e f f e c t  
o f  in h ib ito r  arid s tim u la to r  can. py:e each other when
appropriate con cen tra tio n s are :%sed -( LoM lir r i l  . ' 1977). ' 
Also in  experim ents u sin g  lon g  term marrow c u ltu r e s  i t  .was 
shown th a t th e* a d d itio n  o f  the in h ib ito r  to  the cu ltu res  can 
in h ib it  a h ig h ly  p r o l i f e r a t iv e  CFU-S p op u la tion  p resen t  
sh o r tly  a f t e r  .r e -fe e d in g . On the other hand the a d d itio n  o f  
the s tim u la to r  chn in c r e a se  the p r o l i f e r a t io n  r a te  o f  
q u iescen t CFU-S p resen t seven  days aftei? feedlrig ( Toksoz e t  
a l .  1980). Furthermore i t  h a # b een  showni thaf^.^ leV el 
o f s tim u la to r  was p resen t c lo se  to  the borie surifac where 
the CRU-S p op u la tion  was a c t iv e ly  in  DNA s y n th e s is  -arid' in  
the cen tre  o f  the bone marrow (a x ia l  reg ion ) high l e v e l s  o f  
in h ib ito r  was p resen t in  normal co n tro l mice (Wright E. G.
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personal communication 1981).
The q u ie sc e n t CFU-S p op u la tion  can be tr ig g e red  in to  
- DNA s y n th e s is  w ith in  10 m inutes a f te r  s u b - le th a l d oses o f
1 ,5  Gy o f  whole body X -ir r a d ia t io n  (L a h ir i and Van p u tten , 
1970). In t h i s  work, th e  f a s t  t r ig g e r in g  o f  CFU-S in to  DNA 
s y n th e s is  only occurred when exposed to  a low dose o f 0 .5  
Gy. When the dose was in crea sed  the CFU-S p op u la tio n  was 
delayed  from e n te r in g  in to  DNA s y n th e s is .  From the tim e 
course stu d y , the CFU-S p op u la tion  was'^^n DNA s y n th e s is  
u n t i l  s ix  hours a f t e r  0 .7 5  Gy, 1 .5 . Gy and 4 .5  Gy d o ses . 
This phenomenon was observed in  both the CD1 and CBA/H mouse 
s t r a in s .  In t h i s  work we have shown th a t the prop ortion  o f  
CFU-S in  DNA s y n th e s is  in  bone marrow measured two hours 
a f t e r  exposure to  whole body X -ir r a d ia t io n  was in crea sed  and 
reached 30-50 p ercen t a t  a dose o f upto 0 .5  Gy. Above t h is  
dose the CFU-S p o p u la tio n  was not stim u la ted  a t  th a t tim e. 
However when th e  p rop ortion  o f  CFU-S in  DNA s y n th e s is  was 
measured s ix  hours a f t e r  exposure, th e  v a lu e s  were the same 
as c o n tr o ls  fo r  d oses l e s s  than 0 .5 0  Gy and above t h is  dose  
the v a lu es  were 30 tO 50 p ercen t.
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In t h is  s tu d y  we : a ls o  have shown th a t tpe jpnesehce P f  a 
stim u la to r  o f  CFU-S p r o li f e r a t io n  in  the bone marrow 
fo llo w in g  whole body X -ir r a d ia tio n  correla ted ! ; w ith  an 
in cr ea se  o f  the p r o life r a t iV e  s ta tu s  o f  CFU-S in  ÿ the-' bone 
marrow. Lord and Wright (1982) have reported  th a t the  
changes o f  the p r o l i f e r a t iv e  s ta tu s  o f  CFU-S in  bone marrow 
o f  mice trea ted  w ith  PHZ between one to  f i f t e e n  days was 
p a ra iled  with, the presence or absence o f  s tim u la to r  
a c t iv i t y .
The k in e t ic  study o f  stim u la tor  production  in  bone 
marrow fo llo w in g  whole body X -ir r a d ia tio n  a lso  was - carr ied  
out by workers in  France (C ro iza t and F r in d e l,-  1980). They 
have bhown th a t th e  stim u la to r  3 fa c to r  Was p resen ty  in  bone 
marrow 15 m inutes a f te r  5 .0  Gy whole body X -ir r a d ia tio n  but 
not a fte h  two hours (C ro iza t and f r in d e lv  1980). In t h is  
work the s tim u la to r  was not d etected  in  bone marrow o f  mice 
ir r a d ia te d  w ith  4 .5 Gy dose u n t i l  ; S i x  hours.
/  " \  .- - - . - ! y ÿ t f ' :^ . . '..: ^ ' \ ' . , / . A . : . .  .A:'. y %: r.'v, - — ' '
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The dose response curve o f stim u lator  p r e s e h t in  bone 
marrow 15 m inutes a f t e r  exposure using  the in - v i t r d ’ cu ltu re  
system  showed th a t the s tim u la to r  le v e l  was in creased  w ith ' 
, in c r e a s in g  dose and reached a maximun i e v e l  a t 5 ;QlGy, abpye 
t h is  dose the stim u la to r  l e v e l  wè^ decreased;:^ as* thé ^ d o se  
in creased  to  9 .0  Gy ( C roizat and F r i h d e l 1 9 8 0 ). However -in  
t h i s  Work when the s tim u la to r  was te s te d  -  two hpUrs a f te r  
exposure, the a c t iv i t y  was d eteo ted  on ly  in  bo marrow o f  
mice exposed;,to 0 .5  Gy whereas when te s te d  s ix  hours a f te r  
exposure the s tim u la to r  was presen t in  bone marrow.for the  
doses above 0 .5  Gy. : Furthermore the presence or the abseripe 
o f  s tim u la to r  was found p a r a lle l  w ith  the p r p liie fa t iV o  ra te
o f CFU-S in  bone marrow.
■ '  '  -
y .  . - ' ' .. \ '-3' 'The' d if fe r e n c e s  between resu lts ;w h ich  hadlBeen%reported
by Croizàty and F rin d ei , ( 1980|)?; and r e su lt^  in : t h is  study/
might be a ttr ib u te d  to  th e d ifferep p e  i n ;  techn iques ito f
a ssay in g  the s t im u la to r . C roizat and F r ih d e l- (1980) Used an
in - v i t r o  cu ltu r e  system  whereby.about s ix  to  e ig h t  p lugs o f
; bone marrows were f lo a te d  on m illip o r e  f i l t e r s :  and incubated
w ith  su sp en sion  o f  no n -p r o li f é r a tin g  CFU-S as ta r g e ts
c e l l s .  A fter  24 hours in cu b a tio n  a t  37^0, the percentage o f
■1
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CFU-S in  DNA s y n th e s is  o f  ta r g e t  c e l l s  was then  estim ated  by 
u sin g  thym idine s u ic id e  and the sp leen  colony a ssa y . This  
techn ique was found not s u ita b le  fo r  a ssa y in g  s t im u la to r  or 
in h ib ito r  because a f t e r  24 hours in cu b a tio n  only  a few o f  
the CFU-S ta r g e t  c e l l s  would have su rv iv ed . Furthermore 
C roizat and F r in d e l (1980) d id  not use the reg en era tin g  bone
marrow as a co n tr o l and a ls o  they d id  not measure the
percentage o f  CFU-S in  DNA sy n th e s is  in  bone marrow 
fo llo w in g  5 .0  Gy whole body X -ir r a d ia t io n . However in  the 
p resen t study the co n d itio n ed  media (sup ernatan t fr e e  o f
c e l l s )  were used a t  an appropriate c e l l  r a t io  w ith  the
responder c e l l s  (normal bone marrow). T his method has been  
previously used by workers in  M anchester and t h i s  la b o ra to ry , 
who have shown th a t, s t im u la to r  fa c to r s  in  bone marrow or 
sp leen  can be e lu te d  in to  the medium fo llo w in g  sh o rt term
in cu b a tio n  or w ashing o f  a c e l l  su sp en sio n . When CM were
incubated  w ith  normal bone marrow c e l l s  th e percentage o f
CFU-S in  DNA s y n th e s is  was in crea sed  to  30 -  50 p ercent  
(Lord e t  a l .  1977; W right e t  a l .  1977; Cork e t  a l .  1981; 
Cork e t  a l .  1982; R iches e t  a l . '  1981a; Thomas e t  a l .
1981) .
Al
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By u sin g  the in - v i t r o  plug assay system  C roizat J^ a^nd 
F rin d el (1980) have shown;that in  p a r t ia l  body ir r a d ia t io n  
a t 5 .0  Gy s t im u la to r ‘was shown present in  ir r a d ia te d  bone 
marrow harvested  15 m inutes a f t e r  y exposure . but not in  
p rotected  bone marrow. On the other hahd when stim u la to r  
was te s te d  two hours a f t e r  exp d sure,th e stim u ia tp r  ;aô% ÿity  
was d etec ted  only  in  p ro tected  bone marrow b U t= not in  
ir r a d ia te d  bone marrow. C roizat and F rin d el (1980) 
in terp re ted  t h is  o b serv a tio n  as ev idence fo r  a lon g  frange 
co n tro l o f  CFU-8 p r o li fe r a t io n . Howeyer; i t  was w e ll  
e s ta b lish e d  th a t thé p r o li fe r a t io n  con tro l o f  'CFU-S occurred  
at lo c a l  l e v e l i  For example, G id a li and Lajtha (1974) 
reported  th a t in  p a r t ia l  body ir r a d ia t io n  th e  number o f  
CFU-S in  p ro tected  areas decreased soon a f te r  exposure and 
the percentage o f CFU-S in  DNA s y n th e s is  markedly in crea se  
but returned to  normal l e v e l  a f t e r  th a t. However « in  the  
ir r a d ia te d  marrow Where the CFU-S p op u lation  was markedly 
depopulated , th e  CFU-S p op u lation  s t i l l  continued to  c y c le  
r a p id ly . Furthermore Wright and Lord (1977) confirm ed the, 
ob serva tion  o f  Rencricca e t  â l .  (1970) th a t seven days 
fo llo w in g  phenyIhydraz in e , '-the CFU-S population
p r o life r a t in g  maximally (3 0 -5 0 -percent) in  the bone marrow
-  1 6 4
but a t  the same tim e in  the sp leen  the ra te  was the same as 
co n tro l ( s e e  s e c t io n  1 .3 .2 ) .  Moreover in  bone marrow the  
CFU-S c lo s e  to  the bone su rface  were p r o l i f e r a t iv e ly  a c t iv e  
whereas in  the a x ia l  r eg io n  they were p r o l i f e r a t iv e ly  
q u iscen t(L ord , 1978)*
The p r o l i f e r a t io n  o f  CFU-S in -v iv o  was su gg ested  to  be 
determ ined by the balance o f  in h ib ito r  and s t im u la to r  l e v e l  
(Lord e t  a l .  1977)* However the mechanism how t h is  l e v e l  
was determ ined i s  not f u l ly  understood .
Lord and Wright (1980) proposed th a t the p r o l i f e r a t iv e  
s ta tu s  o f  CFU-S might be reg u la ted  by the lo c a l iz e d  r a t io  
o f  CFU-S number to  in h ib ito r  and s t im u la to r  producing  
c e l l s .  In normal stead y  s t a t e  they have su ggested  th a t the  
presence o f  CFU-S produce a s ig n a l to  the I n h ib ito r  
producing c e l l s  by some unrecognized  p r o c e ss . These c e l l s  
respond by the production  o f  in h ib ito r  which keeps the CFU-S
Iquie sc e n t  and a ls o  in h ib i t s  th e s tim u la to r  producing c e l l s  
from producing s t im u la to r . I f  the CFU-S p op u la tion  i s  
d ep le ted  the stron g  s ig n a l to  the in h ib ito r  producing c e l l s  
i s  l o s t  and thus the l e v e l s  o f  in h ib ito r  are reduced. T his 
a llo w s s t im u la to r  production  to  in c r e a se  and b lock s fu r th er
J .A; A.*', -l-î'.
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in h ib ito r  production; u n t i l  the CFU-S p op u la tion  i s  resto red  
and then the in h ib ito r  production  s ig n a l i s  back %to normal.
However evidence from the' l i t e r a t u r e  i l l u s t r a t e s  th a t a 
high CFU-S i s  not n e c e s s a r ily  a sso c ia te d  w ith  à ibw 
p r o l i f e r à t iv e  ra te  and, con verse ly  a low CFU-S co n cen tra tion  
i s  not always accompanied by a high p r o l l f e r a t iy e  rat^»- For 
example, fo llo w in g  repeated  p a r t ia l  body ir r a d ia t io n  the  
numbers o f  CFU-S decreased slow ly  but con tin u ou sly  in  the  
p rotected  le g  (Tubiana e t  a l .  1977)• In s p it e  o f t h i s , thé  
proportion  o f  th ese  c e l l s  in  DNA sy n th e s is  retu rn s to  mprmal 
( l e s s  than 10 p ercent) a t  a time; when there Sre : ie 8 # %  20
p ercent o f the i n i t i a l ;  number of/CFU-S ;in; the WholeA^body' and 
about 10 p ercent in  the in  th e p rotected  le g .  I t  a lso  has 
been shown th a t fo r  both nOrmal bone marrow,and regen eratin g  
marrow the h ig h est  p r o l i f e r a t iv e  r a te s  o f CFU-S3ârér found in  
reg io n s  o f  ' h ig h est CFU-S con cen tra tion  (Lord, /  1978). 
Therefore the p r o l i f e r a t iv e  s ta tu s  o f  CFU-S i s 'h o t  regu la ted  
sim ply by th e ir  t o t a l  number, but i t  wSs su ggested  by the  
lo c a l i s e d  r a t id s  o f  CFU-8 number to  in h ib ito r  and stim u la to r  
producing c e l l s  (Lord and W right, 1982 ).
p; '
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From t h is  study two phases o f  p r o l i f e r a t iv e  response o f  
the CFU-S p o p u la tion  were observed fo llo w in g  whole body 
X -ir r a d ia t io n . The f i r s t  was a t  low d oses where the CFU-S 
were tr ig g e r e d  in to  DNA sy n th e s is  w ith in  30 m inutes a f t e r  
exposure even though the CFU-S p o p u la tio n  was not 
s ig n i f i c a n t ly  reduced. The second was a t  s u b - le th a l d oses  
where the CFU-S were d elayed  in  en ter in g  in t o  DNA s y n th e s is  
u n t i l  s ix  hours.
F ast tr ig g e r in g  o f  CFU-S in to  DNA s y n th e s is  a t  0 .5  Gy 
could  be exp la in ed  by an e f f e c t  on the c e l l  su r fa ce  
membrane. Sato and Kojima (1972) reported  th a t  the n e g a tiv e  y
su rfa ce  charge o f  B u rk itt  lymphoma c e l l s ,  mouse mammary 
carcinoma c e l l s ,  mouse mammary carcinoma and mouse melanoma 
was decreased  w ith  tim e and reached a minimun a t  four hours 
a f t e r  0 .5  Gy. T his e f f e c t  might r e s u l t  in  changes in  
in t e r a c t io n  between CFU-S w ith  the m icroenvironm ent 
( in h ib ito r  and s t im u la to r  producing c e l l s )  and produce a 
temporary s ig n a l to  stop  production  o f  in h ib ito r  and a llo w  
the prod u ction  o f  s t im u la to r . This s ig n a l however i s  
temporary because th ere  was no change in  th e  CFU-S numbers 
which lead  to  in c r e a s e  in th e production  o f  in h ib ito r  and
< .. . e . » « . . ‘ . •v-'’- 'f  j. " Ta i  _ -l! • J•*l.'•.2'-v'.' ' •.» V
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CFU-S pop u lation  was shown to  be delayed in  entering; in to
A-
V -  -.
■r.A
 _  y  . '___  3 . . .     V./ y ...___
A   ^ V - 1 6 7 -  : ' y
: ' .  " :  .\ " Min h ib it  3 the production  o f  s tim u la to r . This e f f e c t  r e s u lt s
in  the le v e l  o f  s tim u la to r  'decreasing when measurdciV a t  fou r
hours and not being d e tec ted  a t  s ix  hours a f t e r  expbsure to
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However when th e  l e v e l s  o f doses were in crea sed , the /
’ a |y
DNA sy n th e s is . This might be due to  damage to  the rece‘ ..r% ' : # /  - ' % % .  . . .fo r  the stim ulatorA  moleculesA on CFUrS a f t e r  t h i s  dose; o f A.  ^ '?
ir r a d ia t io n . In t h i s  study the CFU-S p op u lation  -obtaihed
. A." : /A. . .: y  " -one hoUr a f te r  exposure to  1 ;5 Gy was shown not reSponsiÿe 'y
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to  s tim u la to r  as CFU-S/from normal bone marrow wouid be.
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The c h a r a c te r is t ic s  o f  s tim u la to r  producing c e l l s  were 
d efin ed  by the a b i l i t y  o f  c e l l s  in  su sp en sion  to  resy n th ese  
s tim u la to r  a f t e r  removing or e lim in a tin g  c e r ta in  c e l l  
p o p u la tio n s . Wright and Lord (1979) shown th a t reg en era tin g  
bone marrow c e l l  su sp en sio n s are capable o f  r e s y n th e s is  o f  
s tim u la to r  a f t e r  re in cu b a tio n  fo r  a period  o f  a t  l e a s t  two 
hours. On the o th er hand normal bone marrow c e l l s  are  
capable o f  r e s y n th e s is  o f  in h ib ito r  a f t e r  re in cu b a tio n  fo r  
a t l e a s t  a period  o f  f iv e  hours.
From c e l l  f r a c t io n a t io n  s tu d ie s  by u s in g  bovine serum 
albumin d e n s ity  g r a d ie n ts , Wright and Lord (1978) showed 
th a t the CFU-S p o p u la tio n  i s  probably d if f e r e n t  from the  
in h ib ito r  and s t im u la to r  producing c e l l s  in  term o f  
d e n s ity .  The d is t r ib u t io n  o f  CFU-S in  normal bone marrow 
and reg en era tin g  bone marrow a f te r  PHZ w as- h eterogen eou s. 
Normal bone marrow shows maximum numbers o f  CFU-S around 
d e n s ity  o f  1 ,070  gcm“  ^ and t h is  peak i s  s h if t e d  to  1.076  
gcm“  ^ in  PHZ bone marrow. The in h ib ito r  producing c e l l  i s  
con cen trated  in  f r a c t io n s  w ith  d e n s i t ie s  l e s s  than 1 .060
1
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gom“  ^ which co n ta in  th ree  p ercent o f th e  t o t a l  normal bone 
marrow CFU-S and about two percent o f th e PHZ bone marrow 
CFU-S. The s t im u la to r  producing c e l l  on th e o th er  hand 
con cen trated  on the reg io n  o f  1.061 -  1,076 gom"^ which 
corresponds to  about 20 p ercent o f the t o t a l  CFU-S in  PHZ 
bone marrow and to  about 40 percent in  normal bone marrow. 
Thus on ly  CFU-S su b -p o p u la tio n s , i f  a t a l l ,  would c o r r e la te  
w ith  the producer p o p u la tio n s .
The dose response curve fo r  the e f f e c t  o f  CM from PHZ 
bone marrow and from normal bone marrow can be compared in  
two ways. R esu lts  can be expressed  on th e b a s is  o f  c e l l  
number or CFU-S number comparing th e amount o f CM used to  
the amount o f ta r g e t  c e l l  assayed . When c e l l  number was 
used the curves are s im ila r ; i f  however CFU-S numbers are  
used th ere  i s  a d if fe r e n c e  in  the shape (W right and Lord,
1978). Furthermore the co n cen tra tio n  o f  s tim u la to r  was 
shown to  be 10 tim es h igh er in  the fr a c t io n a te d  p op u la tion  
as compared to  the whole p op u la tion  o f reg en era tin g  bone 
marrow. From th ese  s tu d ie s  Wright and Lord (1978) su g g ested  
th a t the CFU-S p o p u la tio n  i s  not producing in h ib ito r  or 
s t im u la to r  to  r e g u la te  i t s e l f .
r' . '  5- A'l- '*'■ : f 1.^.' * J. "? ^  %‘i:< "j N -A '/. V-' A' .,A <•' !
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In t h is  work the c h a r a o te r is t ic  o f  stim u la to r  produoing 
c e l l s  was fu rth er  d efin ed  as a cbritinuatipn;O f yWrighty and 
L ord's ' work (1,980). In t h is  sbudy the s t i% la t o r  was^ ^^ is^ ^
,to be produced by a r a d io r e s is ta n t  population; ) The a p la s t ic  
bone marrow where the haem opoietic c e l l s  in  bone marrow were
very   ^ markedly. depressed  fo llo w in g  9 .0  Gy , whole -body a*:
X -ir r a d ia t io n  was a shown to  produce s tim u la to r  a t  day .; bhè to  ' /
day - f iv e /p o s t  ir r a d la t ib h . Wright e t  a l  . (1980 ) . a ls o  4j
reported  th a t the in h ib ito r  producing : ce ll& p o p #  ;
p resen t À in  bone marrpw jof mice irrad ia ted ; w ith  T0yGÿ;:<whPlé 
body X -ir r a d ia t io n . This su g g ests  3 th a t stim ulator/^ and  , - 
in h ib ito r  producer c e l l s  tQight b e /p art /o f  ibt^ 3; haem opoietic ^
environment ; which i s  not e a s i ly  d estro y ed  ^  as
compared to  the haem opoietic c e l l s  th em se lv esÿ i/;  .. . 3 rjt
Iri' long term bone marrow C u ltu res , y/thè/m aihtenance o f  
th ey  CFU-8 p op u la tion  i s  dependent*upon the estab lish m en t Of 
an adherent .microenvironment p opulatiph / rep ren seh tlv e  y: o f  
c e l l s  present, in  bone màrrow strom e (A lien , 19811. "The 
c e l lu la r  source o f  the stim u la to r  and a ls o  in h ib ito r  /o f  
CFU-S p r o l i f e r a t io n  r e s id e s  in  t h is  adherent la y er  which 
co n ta in s e n d o th e lia l c e l l s ,  reticu lum  c e l l s ,; f a t  d ë l l S , /Srid
"AM''ifsig
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mononuclear phagocytes (A lle n , 1 9 8 1 ). Jh e bpne marrow o f  
mice ir r a d ia te d  à t 10. Gy whole body X -ir r a d ia tio n  was a lso  
capable o f  forming adherent la y e r s  when cu ltured  in - v i t r o  
and capable o f supporting the CFU-S and GM-CFC p op u lation s  
(Song and Quensenberry, 1984). -
The d e p le t io n  o f  Thy 1 ;2*^  c e l l s  from regen eratin g  bone 
marrow has no e f f e c t  on stim u la to r  production . This r e s u lt  
confirm s the experim ent reported  by Wright e t  a l .  ( T98()), 
However in  experim ents u sin g  W/W^  m ice, W iktor-Jedrzejczak  
e t  a l .  (1977) and Sharkis e t  a l .  (1978) have-shown th a t  
pretreatm ent o f  the marrow g r a ft  w ith  Thy1 .2  ^ a n tisera  
prevents the r e s to r a t io n  o f  normal e r y th r b p o ie s is  in  th ese  
m ice. Furthermore, the r a t io  o f E/G c o lo n ie s  was changed 
from predom inantly ery th ro id  tO: ghanuloid  but the c o lo n ie s  
number were not changed. The a d d itio n  o f thym ocytes to  the  
Thy 1 .2  trea ted  bone marrow however w i l l  cure the anemia o f  
W/W^  mice (S h ark is e t  a l ,  1978). This
a n t i-  the ta-, se  n s i t  iv e -  regu l a t  ory d e l l  , (TSRC),Mas been shown 
to  p o ssese s  Thy 1.2'*', ;Ly i+ 2~3ria~ markers 
(W iktor-Jedrzejczak  e f  a l . 1979) and i f  not présen t w i l l
not a llow  su rv iv a l o f  CFU-S% in  the W/W^  m o u s e y  These 
regu la tory  c e l l s  are a lso  p resen t in  16-days f e t a l  liV e r  ànd
 ........  : '  A . / .  ’3 . , j
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nu/nu bone' marrow and would thus seem to  deveiop  w ithout ^
%
; a
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4 iicon tact w ith mature thymic t i s s u e  ( H a r r i^ h # t  a l .  19% ). ' %^ , } É &
Thy : 1.2"  ^ c e i l s  are a lso  e s s e n t ia l  forwthe maintenance, 
o f  the CFU-S p o p u la tio n % fo r  lon ger periodsv  ^ McMillan and !
Simmon (1981) showed th a t the add ition}' o f  mohôcïOhal ' 
antibody Thy 1 .2  arid ra b b it oomj^lement to  adherent la y e r s  
o f  long term bone marrow cu ltu r e s  heduced the C apacity o f  % :
maintenahde. o f  the CFU-8 p op u lation  to^ four Weeks. , A ll 
th ese  ob serv a tio n s a ren co n s is ten t .with thé su g g estio n  th a t . ■
Thy 1 .2  d e l l s  are part o f the microenvironment which i s  f 
required  to  support CFU-S p r o li f e r a t io n  and d if f e r e n t ia t io n  ..
but do not d ir e c t ly  produce s tim u la to r  fo r  CFUl'S 
p r o li f e r a t io n .
In . t h is  study we have shOwn th a t the stim u la to r  
producing c e l l s  are Fc" ,^ Ia-2k^ arid Thy 1 .2 “ . ,  Lord and 
Wright (1980) a ls o  r e p o r te d > th a t  th e in cu b ation  o f
' / Iregen eratin g  bone marrow c e l l s  w ith oarboryl ir o n  fo llo w e d ' 
by removal o f the ex ce ss  ir o n  to g e th e r  w ith  cellSiW hioh  
in g ested  the iro n  would remove the c e l l s  which sy n th e s iz e  
s tim u la to r . The rem oval o f adherent c e l l s  from regen eratin g  
bone marrow a lso  removed the source o f stim u la to ry  a c t iv i t y
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(Lord and W right, 1980 ),
The aocum ulating data th e r e fo r e  im p lic a te  a marrow 
macrophage as the c e l lu la r  source o f  th e  s t im u la to r  o f  CPU-8 
p r o l i f e r a t io n .  However p e r ito n e a l macophages which are 
r e c r u ite d  from blood monocyte p op u la tion  (Van Furth and 
Cohn, 1968 ; Volkman and Gowans, 1965) f a i l e d  to  produce 
s tim u la to r  a c t i v i t i e s .  Wright e t  a l .  (1980) a ls o  reported  
th a t the f r a c t io n  IV (50 -  100K d a lto n s  m olecular w eigh t) o f  
co n d itio n ed  media prepared from se v e r a l macrophage c e l l  
l i n e s  and p e r ito n e a l exudate c e l l s -  d id  not produce an 
in h ib ito r y  e f f e c t  on CFU-S p r o l i f e r a t io n .  Furthermore 
Wright e t  a l .  (1980) showed th a t the in h ib ito r  producing  
c e l l s  are Thy 1 .2 “ and Fc"^  which are s im ila r  to  the  
s tim u la to r  producing c e l l s  from t h is  s tu d y . Wright e t  a l .  
(1982) su g g ested  th a t two d if f e r e n t  c la s s e s  o f  macrophages 
are in v o lv ed  in  producing the in h ib ito r  and s t im u la to r  o f  
CFU-S p r o l i f e r a t io n .  Furthermore i t  has been su ggested  th a t  
they  may be capable o f  producing both fa o to r ( s )  (W right e t  
a l .  1982).
- , 1 7 4  -
However, Blackburn and P att (1977) rep^^^ th a t the  
con d ition ed  media obtained  : from bone marrow f ib r o B la st  
cu ltu res  in creased  the ' number o f C FU -S;per 10 c e l l s  
in je c te d  o f  normal bone marrow,when incubated ;fo r  24 hours. 
This e f f e c t  was decreased  when ; th e  co n cen tré tio n  o f  
con d ition ed  media was decreased . The same e f f e c t  was a lso  
observed when the con d ition ed  media from human bone, marrow 
f ib r o b la s ts  were used and a lso  in creased  the^ proportions o f  
CFU-S in  DNA s y n th e s is  (B lackburn and Goldman, 1981 ) .  The 
r e la t io n s h ip  between th ese  fa c to r ( s )  derived  from 
f ib r o b la s t s  w ith  the fa c to r  produced by macrophage l ik e  
c e l l s  are not y e t  known. However i t  c o u ld ' a ls o  be
specu lated; th a t the f ib r o b la s t  derived  fa o to r (s );  do not 
d ir e c t ly  e f f e c t  the CFU-S p r o li f e r a t io n  but stim u la te  the
stim u la to r  producing c e l l s  to  produce stim u la to r  ' and 
in cr ea se  the p roportion  o f  CFU-S in  DNA s y n th e s is .  ^Changes 
in  the seed ing e f f ic ie n c y  o f  CFU-S a f te r  incubation;w as not 
stu d ied  and i t  can be suggested  th a t t h i s  would in cr ea se
su r v iv a l due to  the in c r e a se  o f seed ing  e f f ic ie n c y ;  However 
in  t h is  work the Tnumber o f  c o lo n ie s  derived  from c e l l s  
incubated w ith bone marrow con d ition ed  media was hotf
d if f e r e n t  s ig n i f ic a n t ly  from the number o f c p lo h ie s  derived
-  175 -
from c e l l s  incubated  w ith  mediüm. Therefore the d ecreasing  
number?) o f co lo n ip s  d u r i^  suicidé" experim ents i s  not due to  
the t o x ic i t y  o f  CM or changes in  seed ing  e f f ic ie n c y  but due 
to  the c e l l s  k i l l e d  by c y to s in e  a rab in osid e . .
I t  i s  l ik e ly  th a t th ese  various fa c t  or (-s j are p arts o f  
a complex network o f  c e l lu la r  in te r a c t io n s  w hich are 
provid ing an in te r g r a té d  miproenvirpnmental co n trp i o f  CFU-S 
behaviour the d e t a i l s  o f  w h icÉ -a ^ ry et to  be e lu c id a te d . 
Our s tu d ie s  su ggest th a t c e r ta in  p op u lation s o f  imônonüclear  
phagocytes p resen t in  bone marrowy; from part : o f  th is ' 
regu la tory  complex.
■
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SUMMARY AND CONCLUSIONS ,:
?' Follow ing exposure to  a ‘ dose" o f  0 .5 ? Gy whole body 
X -ir r a d ia tio n  the number o f CFU-S per femur was not. 
s ig n i f ic a n t ly  changed. However the I number ofigM-CFC per 
femur was decreased to  14.6+1.1 to  29.64:1.5 percent o f  
co n tro l l e v e l s  between 30 m inutes to  6 hours â f te r  
exposure. \  ..... -
From the time course study o f  CFU-S e n te r i i^  irito  DNA 
sy n th e s is  fo llo w in g  whole bopy X -ir r a d ia tio n , CFU-S were 
found to  be tr ig g e r e d  in to  DNA;; s y n th e s is  30 m inutes % a f te r  
exposure to  0 .5  Gy d ose. However a t 6 hours a f t e r  exposure 
the percentage/w as about co n tro l l e v e l s .  At d o se .o f  4 .5  Gy 
the CFU-S were delayed  in  en ter in g  in to  DNA sy n th e s is  u n t i l  
6 hours aiter* ir r a d ia t io n . The presence o f  stim u la to r  in  
bone marrow a f te r  ir r a d ia t io n  was fbund to  p a r a lle l  the  
p r d life r a t iy d  a c t iv i t y  o f  CFU+S. ' When jplugs o f  bone marrow 
were ir r a d ia te d  in - v i t r o  a t 0 .5  Gy and 4 .5  Gy d oses th é  time 
o f CFU-S en try  in to 'D N A 'syn th esis was the same as fo llo w in g  
in -v iv o  ir r a d ia t io n .
;
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From the dose response;curve o f  CFU-S in  DNA sy n th e s is  
measured 2 h oü rsxafter  exposure, t h e .peroehtage of/CFU-S in  
DNA sy n th e s is  was . in creased  when the dose in creased  and 
reached . 30 to  50 percent a t  a dose o f  0 .5  Gy( y Abpye} th is  
■ dosé the CFU-S p op u lation  Was not^stim ulated  a t  th is . tim e. 
However when the ypercentage o f CFU-S in  DNA sy n th e s is  was 
measured 6 hours a f t e r  exposure the v a lu es  were the i same as^ . 
co n tro l l e v e l s  fo r  doseS l e s s  than 0 .5 - Gy ahd above^. t h i s  
dose the; v a lu es were 30 to  50 p ercent. Furtherm ore!in t h i s  
stu d y , the CFU-S p op u la tion  obtained One hour a fte r ;  ÿçposure 
to  1 .5  Gy was shown not to  rOspOhd as CFU^S from ^ ^  bone 
marrow. .
The f a s t  tr ig g e r in g  o f  CFU-S in to  DNA sy n th e s is  a t 0*5 
Gy cou ld  be due to  a c e l l  su rfa ce  membrane e f f e c t  which 
r e su lte d  in  changes in  in te r a c t io n  between CFÎJ^ S ùnd the  
environment. This might phoduoe a s ig n a l which would stop  
the production  o f  in h ib ito r ja n d  a llow  the production  o f  
s tim u la to r , HoWeyer t h is  s ig n a l would be tra h sien t; aS there  
was no change in  thé CFU-S ^ numbers. i The delay  in  CFU^  S 
en ter in g  in to  DNA sy n th e s is  a t su b - le th a l d oses might be due 
to  damage to  th e recep tor  for  the- s t im u la to r .! m olecu les on
'W
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CFU-S which caused f a i lu r e  to  respond to  s t im u la to r  a t ea r ly  
tim e a f t e r  exposure.
The a p la s t ic  bone marrow where the h aem atop oietic  c e l l s  
in  bone marrow were markedly depressed  fo llo w in g  9 .0  Gy 
whole body X - ir r a d ia t io n  was shown to  produce s t im u la to r  at 
day 1 to  day 5 p ost ir r a d ia t io n .  T his su g g e sts  th at  
s tim u la to r  producing c e l l s  were r a d io r e s is ta n t  and might be 
part o f  the h aem atop o ietic  environm ent. The d e p le t io n  o f  
Thy1.2*‘' c e l l s  from reg en era tin g  bone marrow had no a f f e c t  on 
s t im u la to r  p rod u ction . However when Fc"*" and Ia-2k'*" c e l l s  
were removed th e production  o f  s tim u la to r  was a f f e c t e d .  
S tim u lator producing c e l l s  might be mononuclear p hagocytes.
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